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GEOLOGIE EN MUNBOUW 


PALAEOMAGNETISM IN THE PERMIAN OF THE OSLO GRABEN (NORWAY) 
AND OF THE ESTEREL (FRANCE) 


M. G. RUTTEN, R. O. van EVERDINGEN and 
J. D. A. ZIJDERVELD1 


In the program of palaeomagnetic studies, 
undertaken by the Mineralogisch-Geologisch In- 
stituut of the Rijksuniversiteit at Utrecht, the 
second author started a study of trachyandesites 
(rthombporphyries, Johannssen 2211) of the Oslo 
Graben, whilst the third author worked on 
rhyolites of the Esterel in southeastern France. 
As it is intended to combine a thorough geolo- 
gical survey with palaeomagnetic analysis, ultimate 
results will still require several summers of field 
work. This will, it is hoped, lead to a doctoral 
thesis by the junior authors. With a view to the 
present widespread interest in palaeomagnetism, 
it seems worthwhile, however, to publish some 
preliminary results. 

The two areas were chosen, because they both 
contain lavas of Permian age, whilst they lie 
about 1614 degrees of latitude apart. Moreover, 
the lavas were only slightly tilted by block- 
faulting tectonics in later time, so that a recon- 
struction of their original position is relatively 
easy. 

No exact age determination, beyond the fact 
that both of the lava series belong to the 
Permian System is possible, although it is 
probable, that the Esterel rhyolites are very early 
Permian (Bordet, 1951, p. 61). In view of the 
slight variation of the magnetic pole in time, 
this does not seem to be too great a drawback, 
and we may hope to get a good indication of 
the Permian magnetic field. 


1 Mineralogisch-Geologisch Instituut, Rijksuniversi- 
teit te Utrecht. 


From the rhyolites and rhombporphyries and 
associated volcanics, orientated samples were 
taken in the field. The remanent magnetism of 
these rocks is so slight, that it does not influence 
a normal geological compass, so the samples may 
be orientated by indicating strike and dip on a 
plane surface, and measuring these in the normal 
way. In the laboratory, orientated cubes were 
cut with ribs of 2 cm, or the complete sample 
was encased in gypsum, to form a much larger 
cube. The second method is preferable when the 
rocks are very hard and tough, as is the case 
with the Esterel rhyolites, or when the rocks 
show a very coarse grain, as happens to be the 
case with part of the Oslo rhombporphyries. 
The small cubes were cut by copper saws with 
a cutting edge hardened by diamond dust. 
Checks, carried out on several samples, indi- 
cate that there is no appreciable difference 
between the remanent magnetism as measured 
in the small cubes cut from the rocks, or in the 
larger cubes made by enclosing the sample in 
gypsum. 

Measurement of the remanent magnetism 
were performed at the K.N.M.I. (Royal Nether- 
lands Meteorological Institute) at de Bilt, using 
an astatic magnetometer, developed by Prof. ]J. 
Veldkamp, and with the help of Mr. A. As, 
operator. Stability checks were made by turning 
over the cubes 180° in respect to their original 
field postion, and re-measuring them after some 
weeks. In addition, part of the samples were 
checked by de-magnetising their later isothermic 
remanent magnetism at room temperature. This 
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| method, which is under development by Mr. As, 
could, however, as yet only be applied to the 
smaller cubes. 

The Oslo Graben samples were taken from 
the Krogskogen area, situated at about 60° 
northern latitude and 10° 30’ eastern longitude. 
The Permian series consists of three basaltic 
lavas and twelve rhombporphyries. The lava 
area measures about 30 km in north-south direc- 
tion, against 15 km in east-west direction. The 
thickness of the series is about 750 m. 

So far, all samples, both of the basalts and the 
thombporphyries show reverse remanent magne- 
tisation, but there is as yet no information point- 
ing to a possible difference in magnetisation- 
direction between the various lavas. The average 
remanent magnetism is 40.10°5 c.g.s. units (ma- 
ximum 3.8.10°3 c.g.s. units, minimum 0.6.10°5 
c.g.s. units). 

Twelve samples, which showed rather good 
stability, have been used to compute an average 
direction of the magnetisation. This has a de- 
clination of 201° 40’ (S 21°40° W) and an 
inclination of -33°04’, with a cone of confidence 
of 9, 6°. This corresponds to a magnetic North 
Pole, some 1200 km southwest of Kamchatka, at 
45°40’ northern latitude and 165° eastern lon- 
gitude. 

The Esterel samples of southeastern France 
were collected in an area situated at about 43°30’ 
rorthern latitude and 6° 50’ eastern longitude. 
The series of the Permian lavas is much more 
complicated than in the Oslo Graben, as the rhyo- 
lites alternate with arkoses, pelites and tuffs. 
Samples were taken from the most important 
fiow of rhyolite, the R 3 of the nomenclature 
of Bordet (1951). 

Just as in the Oslo Graben samples, all Esterel 
samples show reverse magnetisation. The re- 
manent magnetism is much weaker than in the 
Oslo rocks, averaging at 28.10°% c.g.s. units (ma- 
ximum 15.10°% c.g.s. units; minimum 4.72.10°6 
c.g.s. units). Fourteen stable samples yield an 
average direction of magnetisation with a decli- 
nation of 217° (S 37° W) and an inclination of 
-2215°, with a cone of confidence of 4,5°. The 
corresponding magnetic pole of the Permian is 
a North Pole, situated at 130°30’ eastern longi- 
tude and 45° northern latitude, that is in China. 
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The pole, as deducted from the Oslo Graben, 
at 165° E and 45°40’ N, corresponds well with 
the Permian pole found by Creer in England at 
168° E and 48° N. 

Rather unexpectedly, the pole for the Permian 
of the Esterel, with 130°30° E and 45° N, is not 
in accordance with these figures. It is situated 
much more closely to the Permian poles found 
by Runcorn and Doell in the United States, situa- 
ted at 121° E and 26° N and 115° E and 39° N 
respectively. 

This discrepancy is illustrated in fig. 1. We 
are not yet in a position to offer an explanation. 
It might be thought that the Esterel rhyolites 
possibly are so much older than the Oslo rhomb- 
porphyries that they come into the neighbourhood 
of the European pole for the Carboniferous, but 
this is no more than a slender hypothesis. 

During the summer of 1957 the junior authors 
will continue to extend their studies in the same 
areas. 

In the Oslo Graben a more detailed analysis 
will be made of a series of rhombporphyries, to 
ascertain whether there is really no detectable 
diggerence in remanent magnetism in the various 
flows. Also, the study will be made to cover the 
Vestfold area, between Tönsberg and Drammen, 


‚on the western coast of the Oslofjord, where 


more areas of rhombporphyries are found, show- 
ing a somewhat different geological history. In 
the Esterel, the study will be widened to include 
all rhyolites, together with dolerites and the in- 
trusions of esterellites. Moreover another study 
will start in the Permian redbeds near Lodeve 
(Herault) in southern France, at about 43°40’ N 
and 3°20’ E. 
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INTRODUCTION 


Finds of loose slabs of recent sandstones and 
of ‘shell breccias’ on the Dutch North Sea coast 
have been reported a few times in the geological 
literature. Lorie (van Diesen, Hoek en Lorie, 1896, 
p- 75) found a piece of grey coloured sandstone 
on the eastern part of the island Terschelling. 
This fragment, which measured 13 x 12 x 1 cm, 
contained the negative of a shell of Spisula sub- 
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truncata. Later he reported the finding of 
similar fragments with shells of Mytılus edulis, 
Cardium edule and Spisula subtruncata on the 
beach of Ameland (Lorie, 1897, p. 540). He 
supposed that this material had been formed 
‘at the ground water level’. Van Baren (1924, 
p. 62) mentioned examples collected at Sche- 
veningen and Wijk aan Zee. Van Regteren 
Altena (1937, p. 133) found many fragments 
of shell breccias between Wijk aan Zee and 
Bergen aan Zee and described also a specimen 
dredged up from the sea bottom off Callantsoog. 
He distinguished between three types of material: 
a first kind, cemented by a substance which 
‘possibly contains iron’, a second kind, cemented 
by iron hydroxides and a third type, cemented 
by carbonate of lime. It was found by the 
present writer that the distinction of the first 
type is unfounded. Iron does not appear to be 
involved in the cementation of the specimens 
of this group. The cement consists of calcium 
carbonate, just like in the stones of the third 
category. 

Numerous specimens of recent sandstone 
from the Dutch coast are present in the collec- 
tions of the Zoological Museum at Amsterdam 
and of the Geological Institute of the University 
at Utrecht. The material in Amsterdam was 
mostly found between IJmuiden and Bergen 
aan Zee. The sandstones in the collection at 
Utrecht come from various places along the 
North Sea coast, from De Beer to Langeoog 
(seefäsanl A). These latter were mainly 
brought together by Lorie. 

In this paper distinction is made between 5 
types of recently cemented material occurring 
along the Dutch coast: 


(1) shell beds cemented by iron hydroxides 
deposited from ground water; 


(2) concretions around rusted metal objects; 


(3) slabs of yellowish sandstone with finely 
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crushed shell fragments; this type has doubtless 
been formed on the beach; 


(4) Slabs of grey coloured sandstones and 
mudstones, probably formed below water; 


(5) slabs of shell bed material, probably also 
formed below water. 

The latter three are cemented by calcium 
carbonate. These different kinds are of greatly 
varying abundance. 

Type 1 is known, up to the present, only 
from one locality, viz. Wijk aan Zee. At this 
place a shell bed was exposed on the beach in 
December 1934, which was cemented, according 
to Van Regteren Altena (1937), by iron hy- 
droxides deposited from ground water issuing 
on the beach. 

Type 2 is very common. The concretions are 
formed around various metal objects, dropped 
into the sea by man, such as pieces of barbed 
wire, cans, nails, and screws etc. They consist 
of sand and shells cemented by iron hydroxides, 
and, at least in many cases, also by aragonite. 
These concretions are washed ashore along the 
whole length of the coast. 

Type 3, on the contrary, is very rare. Only 9 
specimens are known to the author. They have 
all been collected between IJmuiden and Cas- 
tricum aan Zee. 

The fragments of sandstones and shell breccias 
belonging to types 4 and 5 are less rare, but 
still far from abundant. The author collected 
specimens during a visit to the beach between 
IJmuiden and Castricum on June, 30, 1956. 
Diligent searching of the beach material during 
several successive hours yielded only some 40 
stones of these types. At later occasions (Octo- 
ber 15, 1956 and December 8, 1956) he found 
98 specimens between IJmuiden and Egmond 
aan Zee. During a trip on the beach of the 
eastern part of the island Ameland (October 
24, 1956) only 11 specimens could be collected. 
No recent sandstones were encountered by the 
writer on the shore near Callantsoog and between 
Katwijk and Noordwijk. 

Owing to the rarity of the sandstones they 
may easily be overlooked by unprepared visitors, 
the more so because, since the last war, the 
Dutch sea beaches are littered by pieces of 
concrete (mostiy derived from abandoned 
fortifications) and by rounded lumps of tar 
(from fuel oil), mixed or coated with normal 
beach sand. 

Whereas recent sandstones, cemented by 
calcium carbonate, are found only rarely on the 
Dutch North Sea beaches, they are much more 
common on the beaches of the Rhöne delta. 
Locally along this coast there are thousands of 
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such sandstone slabs, washed together by the 
waves, see pl. II, fig. A. The presence of these 
stones has been recorded in literature already 
long ago, e.g. by Lyell (1867). The present 
author studied them in detail on the beaches 
on both sides of Saintes Maries, at the mouth 
of the Petit Rhöne (fig. 1, B). 
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THE MATERIAL FROM THE DUTCH COAST 


Type 1. Shell beds cemented by iron hydroxides. 


The sediment of the above mentioned shell 
bed, which was exposed on the beach at Wijk 
aan Zee, is only loosely cemented. Small 
mechanical pressures are sufficient to disintegrate 
the material into its clastic elements. Microscop- 
ically the cement is seen to consist of iron 
hydroxides only. 


Type 2. Concretions around rusted metal objects 


General appearance— The concretions are 
conspicuous by their brownish colours. "The 
colouring is seldom evenly distributed, patches 
of darker shades indicating the places where the 
iron hydroxides are more abundant. In many 
concretions there are also patches with blackish 
colours. 

Most of the specimens are rich in shells and 
shell fragments. The fact that one finds only 
few concretions which consist of cemented sand 
without shells may be due to the sorting effects 
of waves and currents. The metal objects that 
form the nuclei of the concretions, must have 
been shifted about by these water movements 
in the same way as the mollusc shells. As long 
as they were moving over the bottom there 
could be little cementation, but once they came 
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to rest in final positions, where shells were 
concentrated by the same processes, they led 
to the formation of concretions. 

The concretions have all kinds of shapes, 
mostly depending on the shape of the original 
metal object. The thickness of cemented sedi- 
ment around the nucleus is usually not more 
than approximately 1 centimeter. 

Cement— WVarious kinds of cement are 
normally found in one and the same specimen. 
These kinds may be arranged in concentric 
zones around the core, or they may be distribut- 
ed at random. The case of the concretion of 
fig. 2, formed around the lid of a can, will be 
taken as an example of concentric zonation. The 
material of the lid itself has largely disappeared, 
leaving an open fissure with only a few remains 
of rusted metal in it. Directly bordering this 
fissure there is an innermost zone in which the 
pores between the sand grains and other clastic 
elements are completely filled up by limonite. 
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A second zone follows in which the quartz 
grains are coated by limonite, but where the 
central parts of the pores are left open. The 
shell remains in this zone have a double coating: 
an inner film of iron hydroxides and an outer 
coating of fibrous aragonite. In the third zone 
such double coätings are found both around shell 
fragments and around quartz grains.. The 
limonitic material is here reduced to very thin 
films. In the outermost zone of the concretion 
there is no limonite at all. The clastic particles 
are exclusively surrounded by aragonite which 
also fills up most of the pores. 

The aragonite in this concretion is crystallized 
in aggregates of needles, which attain a maximum 
thickness of about 5 microns and a maximum 
length of some 70 microns. The needles stand 
at right angles to the surface of the sand grains 
and the shell fragments, except in the central 
parts of the pores where their orientation seems 
to be independent of the presence of clastic 
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elements. The aragonite in this specimen was 
identified by X-ray analysis. Calcium carbonate 
of exactly the same microscopical character was 
found in thin sections of other concretions. It 
may be safely assumed that this is also aragonite. 

Origin.— It is not difficult to understand the 
process of cementation of the sand by iron 
hydroxides. The rusting metal yields colloidal 
Fe(OH); which permeates the surrounding 
sediment. It thereby may form films around the 
clastic grains due to forces of surface attraction. 
A part may be played also by bacteria which 
are attached to che surface of the grains and 
which are able to precipitate iron hydroxides. 
The films formed around the sand grains soon 
harden by dehydration. 


The fact that calcium also 


carbonate is 


Fig. 2 — Upper figure: cross section of a concretion 
formed around the lid of a can, from the beach at 
IJmuiden. Natural size. Lower figure: distribution of 
different types of cement around point C in the 
same concretion. Magnification 8 x. 1: cement of 
limonite” filling up the whole pore space; 2: coatıngs 
of limonite around the quartz grains; coatings of 
limonite and aragonite around shell fragments; 3: 
coatings of limonite and aragonite around all clastic 
elements; 4: cement consisting exclusively of arago- 
nite. 
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precipitated may be the result of the alkaline 
character of the iron compounds, produced by 
the rusting of the metal. It is true that ferric 
hydroxide is practically insoluble in pure water, 
but it could be that the pH of sea water is 
locally raised by OH-ions given off by the 
iron hydroxide gel. Possibly some other, more 
soluble iron compound with a similar alkaline 
character is formed as a transition stage. Since 
sea water is already nearly saturated in calcium 
carbonate, a slight increase in pH will be 
sufficient to cause its precipitation. 


Type 3. 
beach 


This type of sandstone, found in loose slabs 
on the Dutch North Sea beaches, is characterized 
by a bright yellowish colour, which is typical 
for the beach sand in the same area. It is caused 
by the presence of iron hydroxides, occutring 
as specks and films on the surface of the sand 
grains. Some porous grains and many of the 
shell fragments are permeated altogether by 
this staining substance, resulting in yellowish to 
orange colours. 

The grain size of the sand in these stones is 
the same as that of the uncemented beach sand. 
The shell material is mostly finely crushed, the 
debris having normally diameters of less than 
l..cm (see’pl I fig. A), 

The stones show usually a fairly even, parallel 
lamination. If cross laminations are present, they 
are developed on a somewhat larger scale than 
those in the sandstones of types 4 and 5. These 
structures are quite similar to the structures 
found on the higher parts of the North Sea 
beaches. 

The cement of the sandstones is composed of 
rather coarsely crystallized calcium carbonate 
(fig. 3). It forms coatings around the clastic 
elements of some 10 microns thickness. The 
crystals are more or less isometric. Elongated 
or needle-shaped crystals were never encounter- 
ed. The average diameter of the crystals range 
from 10 to 30 microns. The cement of one 
specimen was identified by X-ray analysis as 
calcite. 

It seems quite likely that these sandstones 
are formed by evaporation of ground water on 
the beaches. This precipitation by evaporation 
must be a rare phenomenon since only very 
few specimens of this type have been found, and 
those only in the near vicinity of Wijk aan Zee. 
No beach rock has been found in situ. It is 
also rather remarkable that the precipitation 
resulted in the formation of comparatively large 
and isometric crystals of calcium carbonate, in- 
stead of in aggregates of finely fibrous crystals. 


Yellowish sandstone formed on the 
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In-this connection it may be remarked that a 
similar type of cement was found in artificially 
produced sandstones. Several pieces of concrete 
were also collected on the beach between 
IJmuiden and Castricum aan Zee. Most of them 
show, microscopically, a completely different 
character, both of the clastic elements and of 
the cement, but at the edge of some specimens 
cemented beach material was present, the cement 
of which had more or less the same properties 
as the natural sandstones. 


Types 4 and 5. Slabs of grey and brownish 
sandstone with or without mollusc shells 


Size, shape and colour — The slabs of these 
types have various shapes and sizes. The largest 
specimen measures approximately 15 x 20 cm. 
The thickness of the slabs varies between less 
than 0.5 and about 5 cm. The material from the 
beaches of Terschelling and Ameland, as collect- 
ed by Lorie and the present writer, is generally 
of larger dimensions than the stones found along 
the coast between De Beer and Callantsoog. 

The stones are nearly always flattened parallel 
to their stratification. Sandstone slabs that are 
poor in shells have normally well rounded edges 
and corners. No indications of wind erosion 
were observed on the material, but the mollusc 
shells and mudstone pebbles on the outer sur- 
faces showed in several cases a distinct polishing 
which may be of aeolian origin. 

Most of the sandstones have a grey colour, 
of the same type as that which is encountered 
in the pyrite zone of tidal flat sediments (see 
Van Straaten, 1954b). Brownish colours as seen 
on the surface of the tidal flats are also observed, 
although much less frequently. The mollusc 
shells in the stones have often typical blue 
colours, which indicate that they have been in 
an anaerobic environment. There are also many 
stones wherein only a part of the shells has 
these reduction colours, the other part showing 
brown colours characteristic for staining by iron 
hydroxides. 


Composition and structure— The majority 
of the stones consist of well cemented sand 
with varying amounts of mollusc shell material. 
Some slabs are nearly or completely free of 
shells (type 4). In other ones, on the contrary, 
shells make up the bulk of the material (type 5). 
These latter specimens are evidently derived 
from cemented shell beds. There is no sharp 
distinction between the two classes. All kinds 
of intermediate cases are also found. The stones 
collected on the island Ameland belong in 
general to the sandy type. Between IJmuiden 
and Bergen aan Zee there are relatively much 


more stones that are rich in shells. 

Admixed to the mollusc remains one finds 
spines and fragments of the tests of. echinoderms 
(mostly Echinocardium cordatum L.). In a few 
cases the coarser elements consist dominantly 
of these echinoderm remains. Sand tubes of 
Pectinaria sp., Iying in horizontal positions, are 
also frequently encountered. 

The granulometrical composition of the sand 
in the slabs is usually more or less similar to 
that of the ordinary beach sand, the majority 
of the grains having diameters of 250 to 350 
microns. The sand in the specimens derived 
from shell beds is often notably coarser, the 
bulk of the grain sizes then lying between 0.5 
and 2 mm. 


Fig. 3 — Types of cementation in sandstone material 
from the Dutch coast. For explanation see text. 


The sandstones contain normally little or 
no allothigenous lutite material. Yet, a certain 
number of specimens (some 20 in the collection 
of the author) consists of cemented mud or of 
alternations of thin mud and sand laminae. Some 
of the mudstone slabs contain humified plant 
remains, probably derived from eroded peat. 
Mudstone pebbles are also frequenty en- 
countered in the sandstones, especially in the 
specimens originating from cemented shell 
beds. In the thin section of one specimen small, 
well rounded elements of mudstone were seen 
which may be fossil fecal pellets of invertebrate 
organisms. 

Most of the sandstones as well as the mud- 
stones show a lamination due to differences in 
grain size composition. Cross Jaminations as well 
as parallel laminations are found. The first type 
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is far more frequent than the latter. The lamina- 
tion is occasionally traversed by vertical burrows 
produced by small benthonic animals. A slab 
from Ameland abounds in narrow, often branch- 
ing burrows, about 1 mm in diameter, which 
penetrate the sediment in all directions, vertical 
and oblique as well as horizontal. 

Mollusc shell assemblages— The assemblage 
of mollusc shells in the sandstones collected by 
the author between IjJmuiden and Egmond 
aan Zee is typical for the present nearshore envi- 
ronment in this part of the North Sea. Spiszla 
subtruncata Da C. is the most abundant consti- 
tuent. Other species are (more or less in the order 
ot decreasing frequencies): Donax vittatus Da C., 
Angulus tennis Da C., Angulus fabula Gron., 
Polinices polianus Della Chiaje, Cardium edule 
L.. Mactra corallina cinerea Mont., Lixorina 
littorea L., Polinices catena Da C., Ensis arcnatus 
Jeffr.,. Barnea candıda L. Most pelecypod ma- 
terial is present as single valves or as shell 
fragments. Several double valves are also en- 
countered in the slabs (pl. I, fig. B). They 
have been transported by the water and do not 
stand any more in the position of growth. These 
shell pairs belong to Spisula subtruncata, Angulus 
tenuis and Angulus fabula. Cardium edule 
occurs only as shell fragments. 

The sandstones collected on the beach of 
Ameland on October 24, 1956 show a typical 
Wadden Sea fauna: Cardium edule L., Mytilus 
edulis L., Scrobicularia plana. Da C., Macoma 
balthica L., Littorina littorea L. and Hydrobia 
ulvae Penn. One specimen (pl. I, fig. C) con- 
tained a shell layer which was approximately 
composed as follws: 


Cardium  edule 16 valves 
Mytilus edulis Zus; 
Scrobicularia plana 10 , 
Macoma balthica all; 
Littorina littorea Di; 
Hydrobia ulvae abundant shells. 


Only the entire shells or large fragments of 
shells were counted. The quantity of finely 
crushed shell material was only small. Shell 
assemblages like this are not found on the open 
sea beach of Ameland. It is true that the North 
Sea beaches of the barrier islands separating the 
Wadden Sea from the North Sea are much 
richer in shells of the above named species than 
the beaches between De Beer and Bergen aan 
Zee, but there are no places on these beaches 
where typical open sea species like Spisula 
subtruncata and Donax vittatus etc. do not make 
up at least some 25 to 50 % of the total (cf. Van 
Straaten, 1956). It may be safely concluded 


201 


that the assemblage found in the above mention- 
ed sandstone slab has been formed in the Wadden 
Sea environment or in a tidal inlet. The cemented 
beds from which the stones are derived have 
probably cropped out on the North Sea beach or 
on the shoreface of Ameland owing to an inward 
migration of the coast line. Outcrops on the 
shoreface may still exist at the present moment. 

An origin in a tidal flat or estuarine en- 
vironment is also indicated for a specimen from 
the collection of the Geological Survey at Haar- 
lem, which was found at Zandvoort in October 
1957. The composition of the shell assemblage 
in this stone was estimated as follows: 


Fraction > 2.5 mm: 


Cardium edule 50% 
Mytilus edulis 15 % 
Macoma  balthica 15 % 
Scrobicularia plana 10 % 
Littorina littorea 10 % 


Fraction 0.5—2.5 mm: mainly shells of 


Hydrobia ulvae. 

The mollusc material in the shell breccia’ 
dredged up near Callantsoog (see above) is 
mainly composed of Cardium edule, both in 
entire or broken valves and in double valves. 
It contained furthermore: Hydrobia ulvae, 
Mytilus edulis, Spisula subiruncata, Donax 
vittatus, Macoma balthica and Angulus sp. This 
is an assemblage that may be found in a tidal 
flat area (in, or in the vicinity of an inlet) as 
well as on the shoreface of the North Sea coast 
north of Bergen aan Zee. 

The circumstance that practically all stones 
collected on the beach between IJmuiden and 
Bergen aan Zee contain mollusc shell assemblages 
which are found, at present, only along the 
open sea, can be easily explained as the result 
of the geological development of this part of 
the coast. It is known that during the rise of 
the sea in the first part of the Atlanticum the 
shoreline in this area has gradually migrated 
eastward. As the coastal barrier moved inland, 
there was deposition of tidal flat sediments 
on its eastern, sheltered side, while at the same 
time erosion of older tidal flat sediments took 
place on the other side, by the waves and 
currents of the open sea. The retreat of the 
coast soon came to a stop, however. In the 
succeeding period, during the later part of the 
Atlanticum and during the Subboreal, the shore- 
line shifted to the west, owing to the deposition 
of sediment on the beach and on the shoreface. 
A series of successive beach barriers was formed, 
which were separated from each other by 
relatively low lying beach plains. The advance 
of the coast during this period has been con- 
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siderable. Although since then, in historical 
times, there has been again a slight retreat of 
the coast, the shoreline lies at the present day 
still some 6 to 9 kilometers seaward from its 
former eastern-most position. It will be clear 
that under these conditions there is little chance 
that older tidal flat deposits crop out on the 
shoreface along this part of the coast. It could 
be that, at depths of some 10 to 16 meters, a 
few outcrops of such old sediments are still 
present, but in shallower water all bottom 
material must be composed, either of normal 
North Sea deposits, formed during the period 
when the coast advanced towards the west, or of 
sediments of former tidal inlets in the beach 
barrier system. These latter deposits must be 
composed for the major part of reworked North 
Sea material. 

Cement— The cement of the sandstone slabs 
was investigated by means of thin sections and 
by X-ray analysis. Two varieties are found, 
which grade into each other. In the sandstones 
containing only few mollusc shells or none at 
all, the cement is formed by small crystals of 
calcium carbonate, a part of which are of about 
equal dimensions in all directions, the other 
part showing elongated prismatic shapes, often 
with pointed ends. The elongated crystals have 
a maximum thickness of approximately 5 mi- 
crons and lengths of 10 to 20 microns. These 
crystals form aggregates on the surface of the 
sand grains. The pores between the coated sand 
grains are largely left open. The elongated 
character is especially developed where the 
crystals could grow unhindered into the open 
pores. Here, one finds also bundles of radiating 
elongated crystals and even loose aggregates in 
which these crystals point in all directions. 

The cement of three specimens of this type 
of sandstone was investigated by X-ray ana- 
lysis 2. In all cases it proved to be composed of 
calcite. Two of the analysed specimens were 
collected between IJmuiden and Castricum aan 
Zee. The third one was found on the beach of 
Ameland. 

A different type of cement is found in some 


? An easy method to separate the crystals of the 
cement from the clastic grains is to move the sand 
gently over a glass slide, with the aid of a needle 
or a pair of twcezers. The crystals become then easily 
detached from the sand grains. The slide is then 
turned over and tapped firmly with a pencil or with 
the tweezers, which causes practically all sand grains 
to drop from the slide. The fine crystals of the ce- 
ment, forming together a fine dust, still stick to the 
glass. The last few clastic grains are easily picked out 
under the microscope, after which the crystals of the 
cement are scraped together with the needle. 


of the specimens which are rich in shell material. 
The cement is much more voluminous (fig. 3). 
The clastic elements are surrounded by coatings 
of calcium carbonate which may attain a thick- 
ness of up to 50 microns. In correspondence to 
this richer development of the cement the 
stones are often much harder than the pure 
sandstones. These latter can normally be broken 
in halves by hand, without too much effort. The 
carbonate cement in the investigated specimens 
is chiefly developed as aggregates of long, 
needle-shaped crystals. The needles tend to be 
perpendicular to the surface of the sand grains 
and the mollusc remains. They may reach a 
length of 50 to 75 microns. An X-ray photo- 
graph of these needles showed them to be 
aragonite. 

The various stones found on the beaches can 
not be sharply divided into two classes charac- 
terized by these different types of cement. 
There are transitional cases in which both the 
isometric and elongated prismatical crystals and 
the needle-shaped crystals are present. 


Age— The stones are beyond doubt of recent 
age. This is shown by the character of the 
assemblages of mollusc shells which they con- 
tain. The only fossil formation in which similar 
assemblages could be found is the so-called 
marine intercalation of the high terrace deposits. 
The faunae of the other pre-holocene marine 
sediments in the Netherlands are of quite 
different character. It is most unlikely, however, 
that material from the ‘marine intercalation’ is 
eroded at the present day. This formation lies 
in general too deep for erosion by the sea. It 
is moreover completely absent in the area where 
most of the stones are washed ashore, viz. 
between IJmuiden and Bergen aan Zee. The 
"marine intercalation’ is found only to the south 
of Katwijk and below some of the barrier islands 
along the Wadden Sea. A recent age of the 
stones is also indicated by the fresh and un- 
worn character of the mollusc shells3. The con- 
clusion of a recent age is confirmed by a radio- 
carbon analysis of mixed shell material, taken 
from a number of stones from the beach between 
IJmuiden and Bergen aan Zee, which yielded 
an age of 2400 + 70 years.t 

It is not yet possible to say whether the 
cementation processes are still active under the 
conditions of the present day. Although an age 
of 2400 years was found for some of the shell 
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Only one exception is known to the author, viz. 
a specimen found by Lorie at Wijk aan Zee, It 
contains large shells of Cardium edule. The shells 
a» well as the stone itself are highly worn. 
* GRO 1080. E 


material, it could be that other stones are of 
much younger formation. A maximum age of 
only a few hundred years would be proven by 
the presence of shells of Mya arenaria L., a 
species which arrived on the Dutch coast at the 
end of the 16th or in the beginning of the 17th 
century. If shells of Petricola pholadiformis Lam. 
or Crepidula fornicata L. were found, it would 
mean that the stones containing them were even 
younger than 50 years. However, no shells of 
any of these species were encountered in the 
collected material. 

Place of origin— With regard to the pro- 
venance of the stones distinction should be made 
between the place or places at which they have 
lain for certain lengths of time and the place 
where they were originally formed. It is quite 
certain that the penultimate position of a part 
of the stones has been below the present high 
tide level. A specimen from Ameland shows 
bore holes, still containing the shell pairs of 
Zirfaea crispata L. Another specimen, also from 
Ameland, has incrustations by the skeletons of 
bryozoans. It has been mentioned above that 
the molluscs shell association in the stones from 
Ameland point to an origin in a tidal flat 
environment or in tidal inlets. From the structures 
of these same specimens it follows that their 
material was not formed on the tidal marshes, 
above the level of mean high tide. Both the place 
of formation and the penultimate position of 
these stones has therefore been below the high 
tide level. 

It can not yet be said with certainty, whether 
the stones found along the other parts of the 
Dutch coast have also originated below the high 
water level. All one can say at the moment is 
that it is very improbable that their formation 
took place on North Sea beaches such as they are 
at the present day. However, the above mention- 
ed radiocarbon analysis has shown that at least 
a part of the stones dates probably from a much 
earlier time, viz. from the end of the subboreal 
stage of the Holocene. At that time the beach 
environment along the North Sea may have 
had a different character. 

The arguments that speak against a formation 
on the North Sea beaches of the present day 
or on former beaches of the same type are as 
follows. 
parts of the present beaches. It seems to be also 


(1) It was mentioned already that many 
stones „contain : double valves of Spisula sub- 
truncata, Angulus tennis and Angulus fabula. 
The frequency of such shell pairs in relation 
to separate valves and broken shell material in 
the stones is clearly greater than on the upper 
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greater than what is normally found on the 
lower parts, between the levels of mean high 
and low tides. 


(2) Numerous specimens show small scale 
cross laminations in which the orientation of 
the laminae is repeatedly changed over short 
horizontal distances. On the upper part of the 
beaches another type of structure is usually 
encountered. Here parallel laminations are much 
more frequent, and where cross laminations are 
present, they are usually developed on a some- 
what larger scale and may be partly due to 
aeolian reworking of the sediment. The structure 
of the deposits in the intertidal zone is less well 
known. Yet, it is not impossible that parallel 
laminations are here also more frequent than 
cross laminations. 


(3) In some of the stones burrowing struc- 
tures are visible, which have been produced by 
benthonic animals before the cementation of the 
sediment. Such structures are never seen on the 
high parts of the beaches. Between the lines 
of high and low tide one often observes abundant 
burrows in the beach sand, but they seem to be 
of different types than the ones encountered 
in the sandstones. 


(4) Several stones contain cemented mud 
laminae. The wave action on the present North 
Sea beach is, however, normally so strong that 
mud is kept in suspension practically con- 
tinuously. Only exceptionally one finds thin 
layers of newly deposited mud in lows’ on the 
beaches, but regular alternations of sand and 
mud, as encountered in some of the stones, were 
never observed by the writer. If they occur at all 
they must be extremely rare. 

(5) The presence of mudstone pebbles in 
many specimens is another point at variance 
with the situation on the North Sea beaches 
of the present day. Recent, unconsolidated mud 
pebbles are encountered from place to place on 
these beaches, but they are generally very 
scarce. The finding of so numerous specimens, 
in which not one but several mudstone pebbles 
occur together, shows that they must have been 
formed under different conditions. One might 
be inclined to think of a genesis on beaches 
where older beds of clayey material were ex- 
posed, perhaps of tidal flat or estuarine origin. 
Such clay beds could give rise to local concentra- 
tions of mud pebbles at the base of the small 
bluffs cutting off the beds on their seaward 
side. Yet, the other properties of the stones are 
not in correspondence with such a formation. 


(6) The grey colour of most of the stones 
indicates their provenance from an anaerobic 
environment, and more especially from the 
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‘pyrite zone’ (see above), which develops at 
a depth of a few centimeters below the surface 
of most recent marine sediments, where the 
ground water is approximately stagnant. If the 
stones should have been formed on the higher 
parts of the beach and if they had stayed there 
all the time, they could not have this grey 
colour, because the beach sands are normally 
well aerated and show oxidation colours down 
to a depth approaching the low tide level. One 
could still suppose that the cementation of the 
material took place on the upper part of the 
beaches, e.g. by evaporation of ground water, 
and that they have become displaced towards 
below the low tide level, where a great part of 
them became temporarily covered by new 
sediments, so that they acquired their typical 
reduction colours5 and that they were subse- 
quently transported back to the beach by the 
waves. Such an origin seems, however, very 
improbable. 

It must be admitted that none of the above 
given arguments is particularly strong. Taken 
together they form, however, comparatively 
convincing evidence against a formation of the 
stones on North Sea beaches, such as they are 
at the present day. It seems that the only 
remaining possibilities are a genesis on the sea 
floor, below the low tide line, or a formation 
in a beach environment of quite different 
character than the ones found to day, or a forma- 
tion on the floor of former tidal inlets. 

Although the first one of these possibilities, 
viz. that of an origin on the sea floor, would 
perhaps seem to be the most obvious, there is 
one circumstance which disagrees completely 
with such an explanation. That circumstance is 
that in all collected stones not one pair of mollusc 
sbells was encountered, which stands in the po- 
sition of life. If the stones have been formed on 
the sea bottom, one would certainly expect a 
few of such shell pairs, belonging to species like 
Spisula subtruncata, Mactra corallina cinerea, An- 
gulus tenuis, Angulus fabula or Donax vittatus. 

As to the second hypothesis, one could 
perhaps think of a former beach plain, a wide 
and relatively low Iying area of sand, enclosed 
between two successive beach barriers. It has 
been pointed out that during the Subboreal such 
beach plains have been formed along great parts 
of the Dutch coast. A present day example of 


° If this is possible. Although it has been shown 


(Van Straaten, 1954b) that oxidized sand, after 
it is brought in anaerobic environment, soon changes 
its yellowish-brownish colours into grey colours, it is 
not yet known what will happen to pieces of sand- 
stone under the same conditions. 


a beach plain, of comparatively small dimen- 
sions, can be studied on the island of Texel, viz. 
in the area called ‘the Slufter‘. Although some 
features in this latter environment, such as the 
presence of mud laminae, or of subaqueous 
types of cross bedding correspond to those ob- 
served in the recent sandstones, there are also 
essential differences, e.g. the general distribution 
in the Slufter of the tidal marsh type of lamina- 
tions (Van Straaten, 1954b). It is true that 
during the Subboreal, when the climatic con- 
ditions differed notably from those of the pre- 
sent, the beach plain environment may have had 
another character. Yet, the author does not 
believe that this is a very likely supposition. 

The third possibility, viz. that of a formation 
on the bottom of former tidal inlets seems at 
the moment to agree most closely with the 
observed facts. The main point that could be 
raised against such an origin is that, among the 
mollusc material in the stones, there are rela- 
tively few shells of typical tidal flat species, 
at least in the specimens found between IJmui- 
den and Bergen aan Zee. It has been mentioned 
before, however, that the coast has considerably 
progaded in this area since the end of the 
Atlanticum. Any new inlet in this part of the 
coast would have to be scoured out in a broad 
and thick series of sediments deposited by the 
North Sea. The sediments formed in such an 
inlet, especially those on their seaward side, 
would therefore necessarily consist for a very 
large part of reworked North Sea material. Other- 
wise all observed sedimentological features of the 
stones are readily explained by an origin in for- 
mer inlets: the abundance of shell beds, the 
absence of shell pairs in the position of growth, 
the frequency of mud pebbles, the often very 
coarse grain sizes of the sand, the frequency 
of cross laminations, the occurrence of alter- 
nations of sand and mud laminae, the grey 
colour, etc. 


As a matter of fact, such inlets have existed 
between IJmuiden and Bergen aan Zee. In- 
dications for several successive inlets near Cas- 
tricum were found by De Roo (1953) and by 
Bennema and Pons (1957), see also Von Frijtag 
Drabbe (1948). The first one known, existed 
during the Subboreal. It formed the mouth of 
the so-called Ancient IJ estuary (Guray, 1952) 
and corresponds, according to Bennema and Pons 
to the upper part of the ‘Older Tidal Flat Series’, 
exposed in the excavation made for the tunnel 
works at Velsen (Van Straaten, 1954a, 1957). 

The second inlet existed during the transition 
period between the Subboreal and the Sub- 
atlanticum and served also as the mouth of 
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the former IJ. In this second estuarine stage 
the “Younger tidal flat series’ at Velsen was 
deposited (Van Straaten, 1954a, 1957). Finally 
a third inlet at Castricum, probably of much 
smaller depth, was formed shortly after the 
Roman period. Other inlets have existed, accord- 
ing to De Roo (1953) at Egmond and at 
Bergen. 


Cause of cementation— As to the cause of 
precipitation of calcium carbonate, this is a 
problem that can not yet be solved, because of 
lack of data. The finds of sandstones on the 
barrier islands of the Wadden Sea: Terschelling 
(Lorie), Ameland (Lorie, van Straaten), Bor- 
kum (Lorie) and Langeoog (Lorie), where the 
beach and dune sands are in general much 
poorer in calcium carbonate than south of Ber- 
gen aan Zee, shows that the precipitation is not 
directly connected with the average lime content 
of the coastal deposits. The cementation must 
depend on factors that are or were only locally 
present, as is indicated by the general rarity 
of the stones. 


Another indication of such a localized forma- 
tion is that the stones on the island Ameland 
seem to occur practically only in one particular 
area. All specimens collected by Lorie, some 50 
to 60 years ago, come, as far as the exact finding 
localities have been mentioned on the labels, 
from the beach between the kilometer marks 
17 and 21. It was on this same part of the beach 
that the present writer collected his 11 spe- 
cimens in October 1956, without knowing at the 
time of the earlier finds. 


This local occurrence is well in agreement 
with a genesis in former inlets. It does not 
seem impossible that the cementation then took 
place in the final stages of the existence of such 
inlets. 


THE MATERIAL FROM THE RHONE DELTA 


General character 


It has been mentioned in the introduction 
that large quantities of recent sandstone slabs 
are found on the beaches of the Rhöne delta, 
near Saintes Maries at the mouth of the Petit 
Rhöne. The slabs are an the average of greater 
size than those on the Dutch coast. Specimens 
of several decimeters in diameter and of several 
centimeters thickness are not uncommon. Like 
the Dutch specimens they are nearly always flat- 
tened parallel to the stratification. The slabs are 
usually more or less rounded on the edges and 
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Most of the stones contain only few mollusc 
shells or none at all, but specimens derived 
from shell beds are also encountered. The shells 
are usually of marine species, belonging to the 
genera Turritella, Dentalium, Pecten, Ostrea, 
Donax, to name only a few (pl. IV, fig. A). 
A number of specimens was collected, however, 
in which thin shell beds are present that consist 
for a smaller or larger part of the remains of 
fresh water molluscs, mostly gastropods, e.g. 
Limnaea sp., Planorbis sp., Theodoxus sp. (pl. 
IV, fig. B). The marine material in these stones 
points to a brackish water environment: thin 
small valves of Cardium edule, abundant Hydro- 
bia shells etc. 


Admixed to the shells there are usually a few 
cemented mud pebbles. Many slabs contain 
layers that are composed of mudstone pebbles 
only (pl. III, fig. D). These pebbles are nearly 
always of verry flat shapes. Their longest diameter 
may attain as much as 10 cm. A few thick 
mudstone pebbles were also found in the sand- 
stones. Some of these showed that the cementa- 
tion had been restricted to their outer parts. The 
softer material of the inner parts had been worn 
away so that only hollow shells of mudstone 
remained. Among the pebbles one encounters 
occasionally hard rock material. These latter 
have normally been strongly rounded. They are 
not larger than some 213 cm. Most of them 
are composed of limestone, or of fine grained 
sandstone or quartzite Two pebbles of vein 
quartz were also noted. Besides the pebbles of 
mudstone and of hard rock material, a few worn 
fragments of vertebrate bones were met with. 

A number of stones contains imprints of tree 
leaves (pl. IV, fig. C). Others are full of the 
negatives of wood fragments and of plant debris, 
mostly stems and roots (pl. IV, fig. D). Remains 
of organic matter may be preserved in the 
hollows, usually much shrunken since their in- 
corporation in the sediment. 

Not all stones are composed of cemented 
sand, with or without mollusc shells and mud- 
stone pebbles. One finds also thin slabs of 
cemented mud and stones which show an alter- 
nation of sand and mud laminae. The mud 
laminae are seldom thicker than 1 cm. A few 
specimens, e.g. that of pl. IV, fig. C, consist of 
cemented muddy sand. 

As regards the structure of the stones, both 
parallel laminations and cross-laminations are 
found. A few slabs were collected that showed 
wave ripple structures. Structures due to re- 
working of the sediment by benthonic animals 
are also encountered. Various types of burrows 
occur, e.g. U-shaped types (pl. II, fig. D) and 
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unbranched vertical burrtows with peculiar cross 
sections (pl. III, fig. A). Two stones contain 
long burrows, practically circular in profile and 
with diameters of 6 to 10 mm, which wind 
through the sediment regardless of its lamina- 
tion, in dominantly horizontal directions (pl. II, 
fig. B). 

Several sandstone slabs show cylindrical 
holes, sometimes with shell pairs of the pelecy- 
pod Petricola lithophaga Retzius left in them. 
These molluscs have apparently bored into the 
sediment after its cementation. Similar holes 
and other types of perforations are found in 
slabs of mudstone, where they may partly be 
of a secondary origin, i.e. formed after the 
lithification of the sediment. A primary origin 
is likely for one particular specimen, which 
contains holes with double valves of Barnea 
candida L. A part of the holes are filled with 
sandy mud that has also become cemented (pl. 
II, fig. ©). 

The colour of the stones is mostly grey, but 
brownish slabs are also present. The grey colour 
is typically due to the provenance of the stones 
from the pytite zone (see above). 


Microscopical examination 


Various types of grain size distribution are 
found in the sandstones from the Rhöne delta. 
The average grain size of many specimens is 
about 250 to 300 microns. In other ones it may 
be as low as 100 and as high as 500 microns. 

Thin sections of the sandstones show that 
they are cemented by large quantities of cal- 
cium carbonate, which is present in very fine 
crystals of more or less isometric character. 
Elongated or needle-shaped crystals like those 
in the comparable sandstones from the Dutch 
coast were not observed. The cemented mud- 
stones consist for a great part of minute grains 
of calcium carbonate. It seems likely that a 
considerable amount, perhaps even the bulk of 
this material is not authigenous, but that it has 
been supplied by the Rhöne river. 


Age 


At first the possibility has to be considered 
that the clastic material of the stones has been 
deposited in an interglacial stage, that the 
cementation took place during a subsequent 
glacial stage, when the ground water level was 
lowered as a result of the world-wide sinking 
of sea level, and that the stones are now being 
eroded at the sea bottom and washed ashore by 
the waves. However, this hypothesis can be 
safely discarded. The top of the pleistocene 
gravels at Saintes Maries lies at a depth of more 
than 50 meters. Above this level only holocene 


deposits are encountered (Kruit, 1955). "Ihe 
surface of the gravels slopes seaward and if they 
crop out at all on the sea floor, this must be at 
a very great distance offshore and at depths 
close to 100 meters. Kruit showed that erosion 
of the sea bottom in this area is restricted to a 
sballow zone, immediately in front of the coast, 
with depths of less than about 10 meters. Below 
this zone there is only deposition of mud. Under 
the present conditions it is therefore impossible 
that large sandstone slabs are transported from 
deep water to the coast. Moreover, a radio- 
carbon analysis was made of mixed shell material 
taken from a few of the stones, which gave an 
age of 785 + 135 years®. The cementation 
must therefore be of recent date. Just like in 
the case of the Dutch sandstones, this young 
age is in agreement with the unworn character 
of the mollusc shells. 

Origin 

It is clear that at least the majority of the 
stones comes from below water. Many stones are 
incrusted by skeletons of bryozoans, by cal- 
careous worm tubes (pl. II, fig. B), or by oyster 
shells. Others are perforated by boring molluscs 
(see above). 

Moreover, a fisherman at Saintes Maries with 
much local experience informed the author that 
large slabs of sandstone, up to 1 m in size are 
of great abundance in certain areas of the sea 
floor a few kilometers to the south of Saintes 
Maries, at depths of 7 to 8 m. It is quite likely 
that a part of the stones on the beach, at least a 
part of the smaller ones has been derived from 
these rocks on the sea bottom and that they have 
been washed ashore by the waves. 

From the presence of sandstone on the sea 
floor it does not yet follow, however, that the 
material was also cemented below sea level. It 
is known (Kruit, 1955) that the coast at Saintes 
Maries has retreated considerably since the 
Roman period. It could be that the slabs had 
originated on the beach and that they gradually 
sank downwards as the loose sediments were 
washed away. Another possibility is that the 
rocks on the sea bottom are much older than the 
dated specimens from the beach, and that they 
have been formed in the early stages of the 
Holocene. Their present position under water 
would then be due to the postglacial rise of the 
sea. 

Yet, there are a number of arguments which 
indicate that the clastic material of most of the 
stones can not have been deposited above sea 
level, at least not on the upper parts of the 
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beach. They are partly very similar to the 
arguments presented above for infering the 
 origin of the sandstones of types 4 and 5 on the 
coast of the Netherlands. 


(1) Several stones show burrowing structures 
made by evertebrate animals. They belong 
to various types, see pl. II, fig. D, pl. III, fig. A 
and fig. B. The author did not observe any 
examples of these types in the beach sand at 
Saintes Maries. Below the surf zone, in more 
quiet water, such burrows may be very common. 


(2) A strong point in favour of assuming 
an origin below water is the presence of mud 
laminae in many of the stones. In some cases 
these mud laminae alternate with ripple-marked 
sand. Such alternations can hardiy be expected 
on the beaches of an open sea. 


(3) The abundance of layers of mud 
pebbles in the sandstones is also something 
which speaks against a formation on beaches. 
Mud pebbles are occasionally found on the 
beach, but they lie mostly widely scattered. 
Locally they may be concentrated, viz. where 
beds of old lagoonal clay are exposed on the 
lower part of a retreating part of the beach. 
Such outerops are seen at the present day on the 
coast directly to the west of the mouth of the 
Petit Rhöne. However, the quantities of mud 
pebbles and the number of mud pebble beds 
in the sandstone material seem greater than 
what could be expected if they had originated 
by erosion of such small outcrops. 


(4) The grey colour of most of the stones 
shows that they have been, for a considerable 
length of time at least, in an anaerobic en- 
vironment. Anaerobic conditions are not found 
at or near the surface of normal beach sands. 
Since it is very unlikely that the stones acquired 
their reduction colours after the cementation, 
an origin below the surface of the sediment, 
either under water or below the ground water 
level, seems indicated. 


(5) Attention has been given already to 


the great abundance of the sandstone slabs on 
the beaches near Saintes Maries, especially on 
their upper parts. Besides this sandstone material 
one observes also numerous fragments of Roman 
pottery, mostly wine vases (amphorae). They 
may be picked up by the hundreds. It may be 
safely assumed that this situation has existed 
for at least the last few centuries. Now, if in 
this period the stones would have been formed 
by cementation of beach sediment, one should 
expect a certain number of specimens in which 
such Roman remains were incorporated, or 
conglomeratic stones with pebbles of recent 
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sandstone material. Yet, although the writer 
spent several days on these beaches, during two 
visits, one in the fall of 1955 and the next in 
the spring of 1956, he did not find one single 
example of such cases. This negative result can 
not be ascribed to the circumstance that the 
author was not sufficiently prepared for the 
possibility, since he was especially on the look- 
out for such specimens from the first day on. 


From the above it may be concluded that the 
clastic material of the majority of the stones 
has been formed under water. In most cases this 
water has been the open sea, as is proven by the 
character of the mollusc shell associations. A 
small part of the stones contains elements of 
typically brackish water origin, e.g. large numbers 
of shells of Hydrobia. These latter are in all pro- 
bability derived from old lagoonal deposits which 
may crop out at various places and at various 
depths on the sea floor in front of the coast, or 
in the lower stretches of the Petit Rhöne. The 
depth below water at which the deposition of the 
clastic elements took place, was, at least in a part 
of the cases, probably rather small. This seems 
indicated by the occurrence of wave ripple struc- 
tures and by the relatively large dimensions of 
some of the slabs, which can hardly have been 
washed ashore by the waves from depths of more 
than a few meters. 

As to the cement of the sediment, this has 
probably also in most cases been precipitated 
below sea level, since it is unlikely that the sea 
bottom at Saintes Maries, where the clastic ma- 
terial was deposited, has temporarily emerged in 
the recent past. A minor part of the stones may 
have been formed by cementation of sediments 
on the lowest parts of the beaches. 

In this connection it must be mentioned that 
one specimen was found which may form an 
argument to assume a cementation of sediment 
above the water level. This stone has more or 
less the appearance of a fossil mud crack, 
showing a thin vertical lamina of cemented 
sand, enclosed between narrow walls of cement- 
ed sandy mud. At one side of the slab a consider- 
able portion of cemented material of the original 
strata is also preserved. If this specimen re- 
presents indeed a mud crack it seems possible 
that it has been derived from a bed of lagoonal 
sediment which has formerly cropped out on 
the beach. It is known, on the other hand, that 
cracks in muddy deposits can also originate 
under a permanent cover of water (Van Straaten, 
1954b). Moreover, the presence of cemented 
mud crack material does not prove that the 
cementation took place under the same condi- 
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tions as the formation of the fissures. It could be 
that the mud was cracked by exposure to the 
atmosphere, but that it became cemented only 
after it had been brought below sea level. 
From the above it follows, that no strict 
proofs can be given for an origin of the sand- 
stone slabs by cementation below water, but 
that such a formation seems very likely at 
least for the majority of the material. 
Regarding the cause or causes of the pre- 
cipitation of calcium carbonate no definite ans- 
wer can yet be given. It may be safely assumed, 
however, that the relatively high contents of 
dissolved carbonate of lime in the Rhöne water 
and the richness in calcium carbonate of the 
lutite material supplied by this river are favour- 
able circumstances. Furthermore, it is rather 
striking that the stones in this part of the delta 
are most abundant near the mouth of the Petit 
Rhöne. As pointed out in the preceding section, 
it seems most probable that the cementation 
of the stones on the Dutch coast has taken place 
in old inlets. It is quite possible that the stones 
near Saintes Maries have been formed under 
comporable conditions, viz. in or near the mouth 
of the Petit Rhöne. The observed sedimentolo- 
gical properties of the stones would be in good 
correspondence with such an origin. 


OCCURRENCE OF RECENT SANDSTONE 
SLABS IN OTHER REGIONS 


Slabs of recent sandstone were described by 
Morgan and Treadwell (1954) from the Gulf 
beaches of the Chandeleur islands, east of the 
Mississippi delta. According to their description 
the material has many similarities to that from 
the coasts of the Netherlands and of the Rhöne 
delta: the cementation by calcium carbonate, 
the types of lamination and the presence of mud 
pebbles, shell material and non-decayed wood 
fragments. However, the origin of these stones 
is explained by the authors as the result of 
evaporation of water, coming from creeks in 
mangrove marshes at the back of the beaches 
and percolating through the beach sand at times 
when, owing to special meteorological conditions 
the water level in the marshes is considerably 
higher than that in the open Gulf. Only thin 
films of cemented beach sediment, up to X 
inch in thickness, were actually encountered in 
situ, but it is thought that the much thicker 
stones found on the beach (up to 2 inches in 
thickness) are derived from layers which were 
formed at some earlier date and which were later 
broken up by storm waves. In connection with 
the information about the stones from the Dutch 
coast and from the coast of the Rhöne delta it 


might be asked whether the possibility of an 
origin below water should not also be considered 
for the material from the Chandeleur islands. 
On the other hand, the fact that the distribution 
of the stones seems to be dependent on the 
presence of marsh creeks which have been ob- 
structed by beach sand may point to an analogous 
origin as in the Dutch and French cases. A 
similar connection of recent sandstones with the 
outflow of water from the land was found on the 
coast of Brazil by Branner (1904). 

It is an interesting circumstance that both 
the stones from the Chandeleur islands and 
those from the Rhöne delta are found at places 
where the coast has receded considerably during 
the last centuries. It is not impossible, that, as 
suggested by Dr. C. Kruit (personal communica- 
tion), a retreat of the coast provides a favour- 
able condition for the concentration of such 
recent sandstone fragments. 

The present writer does not know of other 
examples of recent sandstone slabs on sea 
beaches, except where they are obviously eroded 
from large masses of beach rock, e.g. in tropical 
regions. It seems most unlikely, nevertheless, 
that they are restricted to the areas mentioned 
in this paper. 


SUMMARY 


Five types of recent sandstones are found 
on the beaches of the Dutch North Sea coast. 
Except for the first kind they are only found as 
loose fragments and slabs. 

The first type is composed of sand and shells 
with a cement of iron hydroxides, that has 
been deposited from ground water issuing on the 
beach. This type is known only from one local- 
ity, viz. Wijk aan Zee (see fig. 1), where it was 
exposed in December 1934. 

The second type comprises various kinds of 
concretions, formed around rusted metal ob- 
jects such as pieces of barbed wire, cans etc. 
These concretions are found on all parts of the 
coast. The cemented material consists of sand 
and shells. The cement is normally composed 
of iron hydroxides, the colour of the concretions 
then being brown or blackish. In many spe- 
cimens, meanwhile, one finds parts with more 
yellowish colours. In the investigated cases these 
latter proved to be cemented, either partly or 
wholly, by aragonite (fig. 2). It is thought that 
the calcium carbonate was precipitated from the 
sea water in consequence of the increase of the 
pH in the immediate vicinity of the colloidal 
iron hydroxides, produced by the rusting metal. 

The third kind is a yellowish coloured sand- 
stone with fine debris of mollusc shells. It is 
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cemented by granular calcite (fig. 3), which 
has probably been precipitated by evaporation 
of ground water on the higher parts of the 
beach, above the mean high tide level. This 
kind of sandstone is only known from the 
North Sea coast between IJmuiden and Bergen 
aan Zee. 


The fourth type (sandstones with only few 
mollusc remains or none at all) and the fifth 
(sandstones abounding in mollusc shells) have 
grey and, less frequently, brownish colours. 
Slabs of grey coloured, cemented mudstones 
are also reckoned to these categories. The cement 
consists of calcite and of aragonite (fig. 3). 
The sandstones with few mollusc remains are 
usually cemented by calcite only, whereas the 
cement of the stones, with many shells may 
consist exclusively of aragonite. There is, how- 
ever, no sharp distinction between the two 
varieties. Stones in which the cement consists of 
both calcite and aragonite are also found. Spe- 
cimens of the fourth and fifth types have been 
collected at various places along the coast, from 
De Beer to Langeoog (see fig. 1), but they are 
generally very rare. The only part of the beach 
where one can be sure to find these stones at 
any time is that between IJmuiden and Bergen 
aan Zee. Some specimens, e.g. those found on 
Ameland consist of sediment, formed in a 
typical tidal flat environment. The majority of 
the material, and practically all stones between 
IJmuiden and Bergen aan Zee have been formed, 
however, along the open sea coast. There is as 
yet no complete certainty regarding the exact 
place of origin. Three possibilities are considered: 
a deposition in shallow water, on the shoreface 
of the North Sea, a genesis on former beach 
plains, and an origin in old tidal inlets. The last 
named manner of formation corresponds most 
closely with the sedimentological properties of 
the stones. 


The beaches of the Rhöne delta on both 
sides of the mouth of the Petit Rhöne are very 
rich in slabs of sandstone. Fragments of mud- 
stone are also found. The material is cemented 
by calcium carbonate. In most respects it shows 
great analogies to the specimens of the fourth 
and fifth types from the Dutch coast. A number 
of arguments is given which seem to indicate 
that the greater part of the stones is formed 
under water. The precipitation of the calcium 
carbonate may also in this case have taken place 
under influence of the outflow of water from 


the land. 
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SYN-SEDIMENTARY SANDSTONE DIKES IN» THE APTIEN OF 
THE SERRE CHAITIEU, SOUTHERN FRANCE 


M. G. RUTTEN and H. J. M. SCHONBERGER 1 


SUMMARY 


The Upper Aptien is developed in the local facies 
of the Gargasien in a large part of the subalpine 
chains of southern France. It consists of a series of 
bluish-black marls, with thin bands of marly lime- 
stone intercalated. In the flat-topped Serre Chaitieu 
hill, a small erosional remnant some 100 m high in 
the Lesches Synclinal, vertical dikes of glauconitic 
calcareous sandstone are found in these marls. T’hev 
are about 1 meter wide at their top, tapering down- 
wards to a few cm. Horizontal and vertical extent 
is of the order of 100 m. The calcareous glauconitic 
sandstone is identical to normal intercalations of glau- 
cenite sandstone, occurring frequently higher up in 
the series of the marls. 

The formation of these sandstone dikes must be 
pene-contemporaneous to sedimentation, but the pro- 
cess which opened the cracks in which the sand was 
subsequently deposited, can only be guessed at. 


INTRODUCTION 


Sandstone dikes, although more frequently 
described in later years, still may be classed ac- 
cording to the principles laid down by Pruvost 
(1943). Pruvost stressed the fact that most sand- 
stone dikes, not only those pointing upwards, 
but also those pointing downwards, were formed 
much later than the sediments in which they are 
found. Their formation is due to disturbances 
occurring much later than the sedimentation of 
the country rock. In contrast, sandstones dikes 
formed pene-contemporaneous with the sedimen- 
tation of the country rock are rare. 

Consequently, it is worth while to describe the 
occurrence of pene-contemporaneous sandstone 
dikes in the Serre Chaitieu hill, as an additional 
example of this class of features. Moreover, the 
sandstone dikes of the Serre Chaitieu hill are 
exeptional in two ways. First comes their very 
large size: several 100 m of horizontal extension, 
and about 100 m vertical extension. Second, they 
occur in a country rock of soft marls, which at 
first sight look extremely unsuitable for the ope- 
ning up of vast cracks, into which the sand was 
filtered to form the present sandstone dikes. 


r ee Instituut, Utrecht, Hol- 
and. 


DESCRIPTION 


The Serre Chaitieu forms a small, isolated 
butte measuring some 500 m across at its base, 
sligthly over 100 m high, and with a flat-topped 
summit about 200 m across, in the Synclinal of 
Lesches. The latter forms a short west-east struc- 
ture with a wide flat bottom and rather steep 
sides. It runs right across the normal strike of 
the subalpine chains, but such short cross struc- 
tures are found frequently in the area of the 
Barronies (compare Goguel, 1948). The topog- 
raphy of the Synclinal de Lesches is mainly in- 
fluenced by the limestones of the Lower Aptien 
and the Barr&mien, the topography of the valley 
of Lesches following closely the structural form 
of the syncline. The Serre Chaitieu butte forms 
a single erosional remnant of the marls of the 
Upper Aptien, which have formerly filled the 
Valley of Lesches. 


The local Gargasien facies of the Upper Aptien 
is formed by a thick series of bluish-black marls, 
with many thin bands of marly limestone inter- 
calated. These weather whitish. It covers exten- 
sive areas in many flat-bottomed synclines in the 
neighbourhood, and is characteristically attacked 
by badlands erosion. 


In the upper part of the series, many intercala- 
tions of glauconitic sandstone occur, cemented 
by a considerable amount of calcite. Stratigraph- 
ically, the upper part of this facies belongs 
already to the Gault. The sandstone intercalations 
are, however, not limited to the paleontological 
boundary separating the upper part of the series 
from the Aptien, nor are they in any way con- 
fined to a definite stratigraphical level. The num- 
ber of sandstone intercalations, their individual 
thickness and their lowest occurrence are all 
rather variable from one locality to the other. 


The marls of the Gargasien frequently contain 
pyritised ammonites, preserved bodily, in their 
original shape. Apart from these pyritised am- 
monites, which are easily collected and’ have 
found their way into many a museum, wafer-thin 


ammonites, non-pyritised and pressed flat in the 
bedding plane, are found also. 

In the Serre Chaitieu hill only the lower part 
of the Gargasien marls is exposed, and no inter- 
calations of glauconitic sandstone are found. How- 
ever, over the northern part of the flat summit, 
we find a sandstone dike exposed. This dike 
trends N 155° E, and can be followed over 120 
m. It is between 0.5 m and 1 m wide and sub- 
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big rounded boulders of similar glauconitic sand- 
stone are scattered irregularly over the top of 
Serre Chaitieu. Presumably these boulders are 
the remnants of eluvial weathering from a nor- 
mal bed of glauconite sandstone formerly inter- 
calated higher up in the series, above the level of 
the present topography. The glauconite sandstone 
intercalations in the Gargasien marls are known 
t0 weather frequently into such big rounded 
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Fig. 1 — Index map of France, with the Serre Chaitieu. 


vertical. On the western and eastern slopes of 
the Serre Chaitieu hill, it is seen to extend down- 
wards about 20 m. The dike is formed by a 
rather course greenish sandstone. Under the mi- 
croscope this is seen to be built up mainly by 
well sorted quartz grains, about 1/4-1/;g mm in 
size. These quartz grains are somewhat edgy and 
but slightly rolled. Apart from the quartz, some 
felspar in grains of comparable size is found too. 
The greenish colour is due to a small amount of 
glauconite grains, often considerable smaller than 
the quartz grains. All clastic elements are ce- 
mented by a fairly large amount of calcite. 
Near the southern edge of the flat summit, 


boulders, whilst the rest of the bed is carried 
away. Similar boulders are often used to deco- 
rate the entrance gates of farms, for instance 
near Arnayon. Apart from the similarity of the 
material building up the boulders and the dike, 
there is no direct relationship between the boul- 
ders of glauconitic sandstone ön the plateau and 
the dike of glauconitic sandstone in the plateau. 

On the eastern flank of the Serre Chaitieu, a 
couple of sandstone dikes is exposed, some 30 m 
scuth of that found on the summit. These dikes 
can be followed along the slope, down to the foot 
of the hill, some 100 m below their upper end, 
and some 300 m along the strike. They run 
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roughly parallel, strikking N 140° E, and show 
vertical dip, whilst their distance varies from 1 
m to 10 m. ’ 
The upper end of these two sandstone dikes 
is about 8 m below the summit of the Serre Chai- 
tieu, where the southern dike is 0,5 m thick, the 
northern 0,15 m. At that place both sandstone 
dikes bend over horizontally into the bedding 
plane. The sandstone can be followed a short 
distance in the new direction, but tapers out 
within one meter. 
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high up or low down. They consequently had 
nc sieving effect on the sand during their for- 


"mation. 


DISCUSSION 


In discussing the origin of these sandstone 
dikes, it is well to realise the conditions govern- 
ing the formation of the country rock, the Gar- 
gasien marls. The paleogeography of the Upper 
Aptien is completely different from that of the 
earlier Lower Cretaceous in this area. The Gar- 
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Fig. 2 — Geologic map of the Serre Chaitieu. 1: Upper Ap tien (Gargasien). 2: Lower Aptien. 3: Barr&mien. 
1=529:009. 


The bed in which the sandstone dikes end and 
bend over horizontally, is covered by a very fine- 
grained clay bed, from 5 cm to 10 cm thick. This 
clay, which is impervious to water, is much bla- 
cker and finer than the normal marls. Moreover, 
it contains a large amount of small gypsum 
needles. 

Both dikes can be followed downwards to the 
foot of Serre Chaitieu, tapering out very grad- 
vally, until they reach a thickness of 2 cm and 
5 cm respectively at the base of the hill. 


Throughout this section, both sandstone dikes 
are formed by the same glauconitic sandstone 
with calcite cement, as found in the sandstone 
dike on the summit and in the weathered eluvial 
sandstone boulders found there, No difference in 
grainsize could be detected, in the dikes, either 


gasien marl facies spreads out indifferently over 
the different paleogeographic zones of the so-cal- 
led „Fosse Vocontienne” and the facies of the 
„Urgonien”, as found in the earlier Lower Cre- 
taceous. ? 

Consequently there is a distinct disconformity 
in this region between Lower Aptien and Upper 
Aptien. Kilian (1907, p. 291) maintains that this 
is not „eine echte Diskondanz”, not a true non- 


®2 Although we deny the bathyal character of the 
„Zone Vocontienne”, as will be discussed by the 
second author, there certainly is a marked paleogeo- 
graphic difference between these zones during all of 
the earlier Lower Cretaceous. The marls and thin- 
bedded limestones of the Zone Vocontienne are in 
strong contrass to the thickbedded organo-detrital 
limestone facies of the Barr&mien found to the north 
and south of it. 
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Fig. 3 — Section trough the Serre Chaitieu hill, 1 : 10.000. 1: sandstone dike on topplateau. 2: sandstone dikes 
on southeastern flank (a-a and b-b). 3: eluvial boulders, erosional remnants of a former, higher, horizontal 
glauconite sandstone intercalation. 


conformity. But nevertheless, the diastem is the 
expression of crustal movements important 
enough to have produced an entirely new pa- 
leogeography for the Upper Aptien. 

The Gargasien marls are classed as bathyal in 
the literature (Kilian, 1907, p. 237-291); Haug, 
1920, p. 1188, 1191; Gignoux, 1950, p. 433-434). 
This can only be done because of their own fa- 
cies, not on account of a so-called bathyal facies 
of the underlying earlier Lower Cretaceous. Evi- 
dently the bathyal facies of the Gargasien marls is 
inferred only from two features, e.g. the fine 
grain size and the pyritised ammonites. None of 


these arguments is conclusive. For the pyritised 
ammonites the reader is referred to Termier 
(1951, 1954), Rutten (1953, 1955) and Haas 
(1955). As to the fine grain size of these marls 
it is known that in recent wadden sediments ex- 
ttemely fine-grained clays accumulate in the 
highest regions of tidal flats. 

It is, therefore quite possible that the sedimen- 
tation of the Gargasien marls took place in a 
wide, flat, shallow shelf sea. For a comparable 
facies, also containig flattened non-pyritised and 
bodily preserved pyritised ammonites, the Oxford 
clays near Oxford are cited, in which non-con- 


Fig. 4 — Sketchmap of the 
2. parallel sandstone dikes, 
glauconitic sandstone probably der 


Serre Chaitieu topplateau, not to scale. 1: 


extending from the southern ; 0 
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Gargasien. 4: calcite-filled diaclases. 
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cliff, into the valley. 3: eluvial big boulders of 


218 


formities and littoral shellbed intercalations prove 
a shallow water origin (Rutten, 1956). 

In the case of the Gargasien marls, the irreg- 
ular occurence of intercalated beds of glaucon- 
itic sandstone also indicate shallow-water, rather 
than deep-water sedimentation. This is also 
shown by the many concretions of barytine, found 
in the higher part of the Serre Chaitieu hill, and 
by the intercalations of clay beds with a large 
amount of small gypsum needles. These features 
indicate temporary supersalinity, which is in 
favour of lagoonal, or even of temporary conti- 
nental sedimentation, and would rule out bathyal 
sedimentation for the rest of the marls. There 
are, in fact, no proofs of bathyal sedimentation of 
the Gargasien marls, whilst their deposition in a 
wide, shallow shelf sea is the most probable. 

Turning our attention to the sandstone dikes, 
we may put on record first that they were formed 
from above. The gradual tapering off of the dikes 
with depth precludes the possibility of an upward 
intrusion from below. Moreover, in the under- 
lying series of the Lower Cretaceous and the Ju- 
rassic, no sandy intercalations are found, which 
could be the source of the sandy material, found 
in the dikes. 

Secondly, it is seen that they are pene-contem- 


Fig. 5 — Ridge of sandstone dike exposure trending norchwest — 


poraneous with sedimentation. The next higher 
bed passes quite undisturbed over the upper end 
of the sandstone dikes. So the dikes had already 
been formed before the next higher bed was 
deposited. 

This leads us to the assumption that a layer 
of glauconitic sand must have existed temporarily 
at the level of the upper end of the sandstone 
dikes. Sand from this layer was then washed 
down into cracks in the underlying marls, form- 
ing the sandstone dikes. The original bed of 
glauconitic sand was subsequently eroded, but 
remnants of this sand layer can still be seen 
where the upper end of the sandstone dikes bend 
over horizontally into the stratification. 

The dikes of glauconitic sandstone conse- 
quently are a witness of a former sand layer, 
which was eroded away before the next higher 
bed was deposited. This is in accordance with 
conditions prevailing everywhere higher up in 
the series of the Gargasien marls, whilst in some 
neighbouring synclines sandstone intercalations 
are found as low down as the level of the sand- 
stone dikes in the Serre Chaitieu. The only dif- 
ference is, that there the glauconitic sand layers 
have been preserved as intercalations in the 
marls. 


southeast on the topplateau of 


Serre 
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Fig. 6 — Lowest exposure of sandstone dike b-b in 
the plains to the southeast of Serre Chaitieu hill. 


The sandstone dikes give evidence that sedi- 
mentation in an apparently tranquil concordant 
series has been much more eventful than a su- 
perficicial study would make us believe. 

The problem of the genesis of the sandstone 
dikes on Serre Chaitieu now narrows down to 
the question how deep open fissures could be 
formed in the series of soft marls, into which the 
sand was washed down subsequently. 

A tectonic origin of such fissures has been 
suggested. Juvenile orogenetic movements, syu- 
chronous with sedimentation, — the often cited 
„movements precuseuss” — would then have 
opened cracks, sufficiently wide to become filled 
with sand. This seems hardly probable in view 
of the situation of Serre Chaitieu hill in the 
midst of a broad, flat-bottomed valley. 

Another possibility is the formation of fissures 
as dessication cracks during a temporary emer- 
gence. During emergence, dessication cracks may 
well have developed in the soft clayey marls. Such 
cracks might have remained open for a conside- 
table time after renewed submergence of the 
area, due to the long time it takes hardened clays 
to take up moisture. Emersion during the see- 
mingly tranquil sedimentation of the Gargasian 
marls is moreover indicated by the intercalation 
of gypsiferous clay, covering the upper ends of 
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the sandstone dikes. Against this explanation are 
the enormous size of these supposed dessication 
cracks. Moreover, the gypsiferous clay Överlays 
the sandstone dikes, so it seems that emergence 
followed upon the formation of the dikes, and 
did not precede it. 

The slight crustal movements. which have led to 
the change-over of the sedimentation regime 
from the marls to the glauconite sandstones and 
the subsequent gypsiferous clays, may, however, 
well have consisted of a very gentle tilting. In 
that case whole blocks of the soft marls might 
have settled, adjusting themselves to a very slight 
increase in slope of the sea floor. 

In this way tension cracks of the size of the 
sandstone dikes might well have opened. These 
tilting crustal movements may have been very 
slight. They are the expression of the geosynclinal 
subsidence, which was relatively restless during 
the Upper Aptien in this parts of the 'Thethys. 
Their small vertical size is coupled to a very 
large horizontal reach, in contrast to the later 
movements of the alpine orogenesis, which were 
much intenser in a vertical sense, holding sway, 
however, over a much more serried network of 
anticlines and synclines. 


Fig. 7 — Upper end of the sandstone dikes in the 

sceutheastern cliff of Serre Chaitieu hill (a-a and b-b). 

The upper end of sandstone dike b-b is seen to bend 
over horizontally just below the figure. 
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Fig. 8 — Upper end of sandstone dike a-a, bending 
over horizontally. Hammer graduated in dm scale. 


According to this last explanation, which to us 
seems the most feasible, the opening of the cracks 
for the sandstone dikes is closely related to the 
phenomenon of slumping. The difference lies in 
the fact that the crustal movements in the Serre 
Chaitieu led to a settling of the strata as a whole, 
accompanied by the opening of tension cracks, 
whilst in slumping the settling of the strata 
disturbs the original sequence of the strata con- 
cerned. 

However, we do not wish, to stress this ex- 
planation. The main object of this paper is the 
description of the sandstone dikes of the Serre 
Chaitieu, being characterised as pene-contempo- 
raneous with sedimentation; of exeptionally large 
size; and developed in a medium of soft marls, 
quite different from the country rock of most 
sandstone dikes. 
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Fig. 9 — Microphotographs of glauconitic sandstone 
in Serre Chaitieu sandstone dikes. x 20. Upper photo- 
graph taken from upper end of dike a-a. Lower 
photograph taken from lower end of dike b-b.. 
Quartz grains white, cemented by calcite; glauconite 
grains greyish. 
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FROM COAL FACE 
TO SURFACE 


At every stage in the mining of coal or other 
minerals telecommunications equipment is indis- 
pensable to ensure safe working conditions and the 
maximum utilization of productive effort. The en- 
gineering and production of mine telephones and 
signalling equipment is one of the principal activities 
of the A.T.E. organization. With close on 50 years 
experience of serving the mining industry it has 
practicalanddetailedknowledgeoftheproblemsinvolved. 


The Company’s range of products includes— 


AUTOMATIC AND MAGNETO TELEPHONES FOR 
SURFACE AND UNDERGROUND ' SHAFT AND 
HAULAGE SIGNALLING SYSTEMS ' UNDERGROUND 
LOCOMOTIVE HAULAGE SIGNALLING SYSTEMS 
TELEPHONE SWITCHBOARDS ' AUTOMATIC 
EXCHANGES ' PORTABLE RADIO EQUIPMENT 


_ 
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Full details about these products can be 
obtained from :— 


AUTOMATIC TELEPHONE & 
-ELECTRIC CO. LTD,, 


Korte Vijverberg 5, The Hague, Holland. 
Telephone : The Hague 116171 
Telegrams: Strowger The Hague. 


AT6771-AX156 
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legerblokken 


GEDEELD HUIS Op eenvoudige wijze 
kan het leger worden gecontroleerd, 
het vet worden ververst en eventueel 
de asmet hetleger worden uitgenomen. 


VILTRING-AFDICHTING De eenvoudige 
en doelmatige afdichting tegen het 
binnendringen van verontreinigingen 
in het leger. 


KLEMBUSMONTAGE Het leger kan met 
een klembus op de as worden ge- 
monteerd, hetgeen zowel een een- 
voudige wijze van montage als van 
demontage mogelijk maakt. 


De aanschaffing van een bulldozer is een 
investering van betekenis. Rijp beraad bij 
de koop is dus geboden! Neem geen be- 
sluit voor U kennis hebt genomen van 
hetgeen A-C bulldozers kosten en 

presteren. Want belangrijker dan de prijs 
ziin de mogelijkheden van de machine, de 
onderhoudskosten, de levensduur en niet 


te vergeten: het grondverzet per uur. 


ZICH INSTELLEND LEGER De blokken zijn 
voorzien van tweerijige zich instellende 
kogel- of tonlegers, welke zich zonder be- 
zwaar kunnen aanpassen bij doorbuiging 
van de as of scheefstelling van het huis 
ten opzichte van de as. 


EENVOUDIGE MONTAGE Het huis wordt met 
twee bouten bevestigd. Het is behalve voor 
ondersteuning van lange assen ook bijzonder 
geschikt voor montages in machines. 


EENSKF-PRODUCTDe bijna 50-jarige er- 
varing van SKF op het gebied van wen- 
tellegers is een garantıe voor de betrouw- 
baarheid van de legerblokken. 
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TER HERDENKING VAN D. VAN GEMEREN 


Kortgeleden ontvingen wij het bericht dat 
Dirk van Gemeren de 26e maart j.l., 60 jaar oud, 
overleden is. Met hem ging een der weinige over- 
blijvendemijningenieurs heen, die in deze tijd 
van steeds groter wordende bedrijven, nog zijn 
onafhankelijkheid zocht te bewaren. 

Kort nadat hij in 1923 in Delft was afgestu- 
deerd vertrok Ir. van Gemeren naar Bolivia, een 
land dat hij daarna nog slechts tijdens een enkel 
verlof voor korte tijd zou verlaten. 

Na enige jaren bij Patino Mines en bij de 
Compania Minera de Oruro gewerkt te hebben, 
legde hij zich toe op het beheer van mijnen, 


DERBBMBEEREKSIEN- GEN VAN 


waarvan hij mede-eigenaar was. Hij verwierf ook 
gtote bekendheid in het land als raadgevend in- 
genieur. Deze werkkring bevredigde hem meer 
dan het minder afwisselende bestaan van een 
dienstbetrekking. 


Te midden van zijn, voor deze harde streken, 
langdurige werkzaamheden, verloor hij zijn leven 
door een vliegtuigongeluk. Zij, die met hem 
mochten samenwerken, zullen zich hem blijven 
herinneren als een zeer levendige geest en bo- 
venal als een uitzonderlijk prettig mens. 


GJAYE 
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GRAVITY AND CRUSTAL SHORTENING (A REPLY TO B. J. COLLETTE) 


1. Introduction — In the March 1957 issue 
of this journal B. J. Collette has published a 
short article (Collette, 1957) in which he dis- 
cusses some aspects of my paper on the gravity 
field of the Alps (Hospers, 1957). In his article, 
Collette expresses disagreement with some of my 
conclusions and with the methods employed to 
arrive at them. This note is written to clarify 
those points which apparently have caused mis- 
understanding. 


2. Crustal shortening — The main theme of 
my paper, namely the amount of crustal shorten- 
ing in the Alps, apparently has not given rise to 
criticism. This is gratifying, as is the fact that also 
on purely geological grounds a much more mod- 
erate figure than that commonly advocated for 
the crustal shortening in the Alps has been de- 
rived. De Sitter (1956a, p. 510; 1956b) has 
namely recently arrived at a figure of 150 km. 
This is in excellent agreement with my estimate 
of at least 50 km and not more than 200 or 
perhaps 300 km. 


3. Physical interpretation of gravity data — 
In his article Collette has devoted considerable 
space to an exposition of the principles of the 
physical interpretation of gravity data. I am in 
general agreement with his statements on this 
matter. What I do find curious about it, how- 
ever, is that this exposition should be used in 
his criticism. For, where Collette points out that 


not every isostatic anomaly represents a deviation 
from floating equilibrium, he reproduces the 
reasoning I applied to the maximum of the Ivrea 
zone (my paper, p. 6). Where Collette discusses 
the interpretation of isostatic anomalies of large 
horizontal extent, his reasoning runs parallel to 
the one which has led me to conclude that the 
negative anomalies of the Po area are due to 
the effect of a crustal downwarp combined with 
a ligt sedimentary basin fill, and that only lat- 
eral compressive forces can maintain this strong 
deviation from floating equilibrium (my paper, 
pp. 12 and 16). 

The distinction which Collette makes between 
physical and geometrical methods of interpreta- 
tion therefore seems somewhat artificial, as the 
results arrived at are identical for both methods. 
The line of reasoning followed by me has, more- 
over, a distinct advantage. There is, namely, no 
need to introduce estimates of, or assumptions 
about, the physical properties of crust and sub- 
stratum. The correctness of an assumed configu- 
ration is decided by the simple but fundamental 
criterium of its ability to account for the ob- 
served anomalies. 


4. Minimum of the Po valley — A point 
which has been specifically criticized by Collette, 
is my first possible explanation of the negative 
anomaly of the Po area as being due to light 
sediments which are not isostatically compensated. 
The configuration assumed there is a basin 
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shaped depression in the crust (density 2.67), fil- 
led with sediments of a density less than 2.67. 
There is no isostatic compensation of these light 
sediments (this additional assumption is made 
for my third possible configuration), nor is there 
a downwarp of the bottom of the crust (this 
assumption is introduced for my fourth possible 
configuration). The bottom of the crust is there- 
fore assumed to be unaffected by the presence 
of the basin. As we are considering isostatic 
anomalies (for T — 30 km, R = 0) the bot- 
tom of the crust is assumed to be a reflection of 
the visible topography multiplied by 4.45. The 
Po area being low-lying and flat, the bottom of 
the crust is practically horizontal and only 
slightly below the accepted value of T. For all 
purposes of evaluating gravity effects the bot- 
tom of the crust may hence be taken as horizontal 
and at 30 km depth. 

This is the configuration assumed, tested, and 
rejected as it does not yield the observed anoma- 
lies. However, if this configuration should occur, 
it would cause negative Bouguer anomalies and 
negative isostatic anomalies. Collette criticizes 
this configuration, because he considers it a 
priori as impossible, as the depression of the 
basin would be isostatically compensated. This 
is a plausible assumption, but it remains an as- 
sumption which need not be introduced at this 
stage of the reasoning because the observational 
facts (densities and gravity anomalies) make it 
an unlikely configuration. Simple reference to 
the observations therefore eliminates this con- 
figuration. This is a fundamental approach upon 
which additional assumptions cannot improve. 
Collette’s remarks are therefore irrelevant to the 
point discussed by me. 

A somewhat similar situation occurs when Col- 
lette discusses the need for an additional isostatic 
correction if a correction is made for the mass 
deficiency of the light sediments. The ordinary 
isostatic corrections correct for the possible com- 
pensation of the visible topography. As an ad- 
ditional refinement it is possible (and in iso- 
static investigations even absolutely necessary), to 
correct for known geological causes of devia- 
tions from the standard density of 2.67 assumed 
for the crust. This procedure was introduced by 
Evans and Crompton (1946) for sedimentary 
basins and consists of first correcting the ordina- 
ty isostatic anomalies for the difference between 
the actual and assumed sediment density, and 
subsequently allowing for the isostatic compen- 
sation needed to take account of the density 
deficiency of the sediments. However, in order 
to be able to do so, adequate information on 
sediment thicknesses and densites must be avail- 


able. This information was, to my knowledge, 
not available when my study was made. For that 
reason the light sediments and their additional 
isostatic compensation have been considered in 
a more simple fashion, namely as my third pos- 
sible configuration (my paper, p. 10). There it 
is assumed that the sediments have a density of 
less than 2.67 and that there is floating equi- 
librium, i.e., there is a heavy mass at the depth 
of compensation of which the mass excess equals 
the mass deficiency of the sediments. It is then 
shown that light sediments thus isostatically com- 
pensated cannot account for the observed anom- 
alies. This point has therefore been adequately 
considered, and for that reason Collette’s re- 
marks are again not to the point. 

I therefore maintain that, contrary to the 
opinion expressed by my critic, the methods used 
and the conclusions arrived at are correct. 


5. Van Bemmelen’s undation theory — The 
above remarks have been made without refer- 
ence to van Bemmelen’s orogenic theory. This 
theory has been considered in my paper for the 
simple reason that, in my opinion, it must be 
given fair consideration as long as it cannot be 
conclusively demonstrated that it is untenable. 
One way of testing the geophysical aspects of 
van Bemmelen’s theory is to compute the gravity 
effect of a section prepared according to his 
concepts. Hence I have prepared such a section 
along the line of the observed gravity. profile 
(not, as Collette states, elsewhere in the Alps) 
and computed its gravity effect. This section pro- 
duces the observed anomalies. This means that 
the mass distribution suggested by van Bemmelen 
is compatible with the observed gravity field, 
and hence that it passes a simple test which every 
orogenic theory must pass in order not to be 
tejected at once. It does not mean that the mass 
distribution is correct, nor does the computation 
represent a „geometrical method of gravity inter- 
pretation”. It also does not invalidate, as Col- 
lette seems to think, my conclusions concerning 
the amount of crustal shortening. What I wish 
to emphasize is that the amount of crustal shor- 
tening, or even the simple conclusion that crustal 
shortening has taken place, depends on the aäs- 
sumed model of crustal structure and cannot be 
established independent of such a model. This 


should be obvious, because if this were possible, 


van Bemmelen’s theory would be eliminated as 
it does not accept the occurrence of crustal 
shortening. 

There are more ways of testing the geophysical 
aspects of the undation theory. For example, in 
van Bemmelen’s sections there are large varia- 


tions in the total mass contained in vertical col- 
umns of equal cross-sectional area. Collette 
(1957, p. 73) has pointed out that this is so 
in a section of Cyprus. It is also true for van 
Bemmelen’s sections in Indonesia, the Western 
Mediterranean, and the Alps. In part this is due 
to the fact that in some of van Bemmelen’s sec- 
tions at least, the light masses produced by dif- 
ferentiation are too large, and the heavy bodies 
are too small, to be consistent with the densities 
assigned to them. However, even if this is cor- 
rected, similar large variations in the total mass 
per column remain. The resulting differential 
gravity forces must obviously be counteracted by 
other forces. The difficulty, in this sort of con- 
sideration, as I see it, lies in the fact that van 
Bemmelen invokes other forces in the form of 
internal stresses in the crustal materials. Here we 
come face to face with what de Sitter (1956, p. 
492) has aptly called the „unsurveyable com- 
plexity” of the undation theory. Van Bemmelen 
invokes such complex developments in the phys- 
ical properties of the materials of the crust and 
substratum (cf. van Bemmelen, 1954) that objec- 
tions of an elementary nature can always be met. 

It is possible that there are inconsistencies and 
contradictions in van Bemmelen’s theory. How- 
ever, that can only be settled by a thorough study 
of the extent to which the size, position in the 
earth’s crust, and movement of the various bodies 
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in van Bemmelen’s sections are consistent, or 
inconsistent, with the physical properties assigned 
to them and to the materials of the earth’s crust 
in general. In the absence of such an investiga- 
tion, I wish to refrain from drawing the con- 
clusions which my critic suggests. 
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PHYSICAL VERSUS PHYSICO-CHEMICAL INTERPRETATION OF GRAVITY DATA 


In a note published in the March number of 
this Journal, Collette advocates a physical inter- 
pretation of gravity data. This physical inter- 
pretation is based on the principle that „if mass 
excesses are shown by isotatic anomalies, a 
downward gravity force is present and if mass 
deficiencies are shown, an upward one” (l.c., 
Tas 

This simple truth is already generally accept- 
ed by those dealing with gravity data. I wrote, 
for instance, in Mountain building (Nijhoff, 
1954, p. 117): „Ihe most obvious interpretation 
of this relation (namely that belts of negative 
anomaälies in Indonesia are rising, and areas with 
positive anomalies subsiding) is that the rock 
column which underlies the zone of negative 
anomalies is too light relative to its surroundings 
and therefore pushed up; whereas the rock 
column underneath the subsiding basins is too 
heavy and therefore tends to sink”. 

However, no one dealing with the interpre- 
tation of gravity data can do without the geomet- 
rical method of testing the gravity effect of 


various, geologically possible distributions of 
masses in the crust and the upper part of the 
substratum. This is not a geometrical „interpre- 
tation,” as Collette puts is, but merely an indis- 
pensable primary step of geometrical „analysis”. 
So this point needs no further discussion. 

Collette discusses some consequences of the 
basic assumption that the elasticity limit of the 
substratum beneath the rigid crust is about 10 
kg/cm?. According to him these consequences 
would lead to physically inconceivable situations 
in my sections. 

As stated before, in a former discussion with 
Collette in this Journal (1954, p. 327), the basic 
assumption mentioned above is probably not in 
harmony with the varying natural circumstances. 
The value of the elasticity limit or yield stress 
of the crust and its substratum will increase 
during cooling, crystallization of magma, en- 
dothermic chemical reactions and other ther- 
modynamic processes; whereas it will decrease 
during heating, anatexis or migmatization, exo- 
thermic chemical reactions, etc. 
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Owing to such „physico-chemical” processes 
mobilizations and indurations of extensive parts 
of the crust and its substratum will occur, thus 
changing their elasticity limits (or yield stresses) 
over wide ranges in the course of time. The same 
is true of the other physical properties of matter 
such as density, viscosity, elasticity, etc, as I 
pointed out in this Journal (1956, p. 131-144). 
The physico-chemical evolution of the earth calls 
for a wider approach of the interpretation of 
gravity data, namely a discussion of the thermo- 
dynamic or physico-chemical processes concerned. 


Ben oe Ems Keer B ES SP 


Introduction to microfossils, by Daniel J. Jones. 
xii + 406 pp. illus. (Harper’s Geoscience 
Series.) Harper & Bros., Publishers, New York 

1956. Prijs geb. $ 6.50. 
Het is nog niet zo lang geleden, dat de termen 
„microfossiel” en „foraminifeer” door vele geologen 
min of meer als synoniemen werden beschouwd. Tegen- 
woordig is dat natuurlijk een onhoudbare opvatting, al 
wordt dikwijls nog stilzwijgend aangenomen, dat de 
foraminiferen dan toch wel de belangrijkste groep 
van organismen vormen, waar de micropaleontoloog 
mee te maken heeft. Daarom is het bijzonder ver- 
heugend nu eens een boek aan te kondigen, dat grondig 
met deze misvatting afrekent. Jones wijdt een hoofd- 
stuk aan de foraminiferen, zeker, het is zelfs een 
beetje langer dan de meeste andere hoofdstukken, maar 
daarnaast wijdt hij afzonderlijke hoofdstukken aan de 
conodonten en de ostracoden, terwijl in drie andere 
hoofdstukken nog enige tientallen andere groepen van 
organismen worden besproken, die geheel of gedeel- 
telijk tot het domein van de micropaleontoloog moeten 
worden gerekend. Voor een deel behoren deze tot het 
tijk van de protisten, een systematische eenheid van 
gelijke orde als het planten- en het dierenrijk, waarin 
alle eencellige organismen zijn verenigd. Haeckel heeft 
reeds in 1866 dit „derde rijk” als een zelfstandige 
eenheid voorgesteld; R. C. Moore heeft het enige jaren 
geleden nieuw leven ingeblazen. Voor een ander deel 
behoren de besproken groepen tot de meercelligen, 
zowel planten als dieren. Deze beide hoofdstukken 
geven een uitstekende indruk van de omvang van de 
moderne micropaleontologie. Men vindt er een goede 
discussie van pollen en sporen enerzijds, en van tal- 
rijke dierlijke overblijfselen, van sponsnaaldjes tot 
microscopische fragmenten van zoogdieren, anderzijds. 
De bespreking van de echinodermen is wat aan de 
korte kant om de micropaleontologische betekenis van 
deze groep tot haar recht te laten komen. De grapto- 
lieten treft men, tot zijn verbazing, onder de verte- 
braten gerangschikt aan. Dit is zeker misleidend, want 
al volgt men tegenwoordig gewoonlijk Kozlowski en 
anderen door de graptolieten als hemichordaten te 
beschouwen, dit stempelt hen nog niet tot vertebraten 
(wat zelfs bij een rangschikking onder de chordaten 
"nog niet het geval zou zijn). Dit systematische gedeelte 
van het boek is overvloedig geillustreerd met honder- 
den afbeeldingen van microfossielen. Uiteraard is daar- 
mee een betrouwbare determinatie slechts zelden moge- 
lijk, maar zij bieden voldoende steun om binnen het 


I agree with Collette that of course physical 
considerations are of importance for the inter- 
pretation of gravity data. For instance, the sub- 
sidence of the Po-region might partly be due to 
secondary and local lateral stresses. This is not 
incompatible with my general concept of a geo- 
chemical motor for the tectonic processes. How- 
ever, it is inappropriate of Collette to conclude 
that I am „in error” when my sections and con- 
clusions are not in line with the restricted ap- 
proach by means of the physical interpretation 
of gravity data. R. W. VAN BEMMELEN 
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uitgestrekte veld van mogelijkheden tot een voorlopige 
klassificatie van de aangetroffen microscopische fos- 
sielen te komen. 

Aan deze groep van zes systematische hoofdstukken 
gaan drie algemene hoofdstukken vooraf, waarvan dat 
over verzamelen, prepareren en bewaren van micro- 
fossielen wel het belangrijkste is, maar toch te weinig 
specifieke informatie verschaft. De technieken om 
microfossielen langs mechanische en chemische weg 
te isoleren en te concentreren, zijn zo verschillend 
voor verschillende groepen, dat een beginneling met 
de nogal algemeen gehouden aanduidingen niet vol- 
dcende op weg wordt geholpen. Helaas wordt deze 
lacune ook niet door literatuurverwijzingen aange- 
vuld, want juist op dit punt vertonen deze veel 
omissies. 

Na de systematische hoofdstukken volgen nogmaals 
drie algemene hoofdstukken Deze laatste vormen een 
zeer waardevolle aanvulling van het boek. Zij han- 
delen resp. over oecologische, stratigrafische en toege- 
paste micropaleontologie. De toepassingen van de 
micropaleontologie op het gebied van de economische 
geologie liggen grotendeels op stratigrafische en oeco- 
logisch terrein (facies-analyse) en dit hoofdstuk vervalt 
hier en daar dan ook in herhalingen. De stratigrafische 
betekenis van microfossielen wordt alom erkend (fora- 
miniferen, maar ook ostracoden, pollen, sporen, etc.). 
De paleo-oecologische betekenis wordt van sommige 
groepen reeds lang ingezien, van andere geleidelijk 
ontdekt. Dat de schrijver hierop afzonderlijk de aan- 
dacht vestigt, is verheugend. Jammer is, dat de be- 
grippen milieu en leefwijze op hinderlijke wijze zijn 
verward. 

Tot slot zijn er vijf aanhangsels (die misschien 
beter ergens onder de hoofdstukken hadden kunnen 
worden gerangschikt), o.a. over klassificatie en nomen- 
clatuur (waarin de kunstmatige systematiek, juist voor 
sommige groepen van microfossielen zo belangrijk, 
wordt verwaarloosd) en over de illustraties van micro- 
fossielen. 

Een boek als het onderhavige, dat in minder dan 
400 blz. (waarvan bijna de helft afbeeldingen en 
literatuurlijsten) een overzicht geeft van zo’n uitge- 
strekt terrein van onderzoek, kan niet anders dan 
beknopt zijn. Door zijn harmonische samenstelling 
vormt het echter een uitnemende leidraad bij een 
micropaleontologisch practium op bredere basis dan 
thans veelal het geval is, terwijl het micropaleonto- 
logen in een bepaalde richting, van groot nut zal zijn 


bij het thuisbrengen van overblijfselen uit andere 
groepen, die juist bij dit soort werk zo dikwijls op- 
duiken. Het grote aantal literatuurverwijzingen, naar 
schatting meer dan duizend, zal daarbij goede diensten 
bewijzen. 
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Beiträge zur Stratigraphie und Tektonik des 
Elbtalschiefergebirges, von P. ENGERT. 72 S$., 
6 Textfig., 16 Abb., 3 Taf. (Beih. Zeitschr. 
Geologie, nr. 16.) Akademie-Verlag, Berlin 
1956. Prijs ing. DM 6.—. 

Deze publikatie over een gedeelte van een her- 
cynisch gebergte munt uit door een zeer nauwkeurige 
waarneming in een klein gebied (4 bij 1 km), waarin 
een boven-devonische serie van kalken en diabaastuffen 
onder sterke druk isoclinaal geplooid is. Aangezien de 
kalken op velerlei wijze, zelfs ondergronds, geexploi- 
teerd werden en worden, is de ontsluiting van het 
detailbeeld voortreffelijk. 

Ondanks de eigenlijk zeer slechte dateringsmoge- 
lijkheden, die de schaarse fossielen bieden, komt de 
jong gestorven schrijver, onder invloed van de typisch 
duitse school, tot een zeer gedetailleerde opeenvolging 
van gebeurtenissen met een sudetische hoofdplooiings- 
fase, gevolgd door „erzgebirgische Schleppungsphase”, 
een in het Westphalien A gelegen horizontale breuk- 
beweging en nog eens een asturische breukfase. De 
datering van al deze fases is op waarnemingen uit een 
veel groter gebied gebaseerd en kan dus hier niet op 
zijn juistheid beproefd worden 

Het merkwaardigste hierbij zijn echter de waar- 
nemingen van een horizontale streping op longitudi- 
nale breuken, de z.g. „erzgebirgische Schleppung”, 
breuken, die overigens in zeer nauw verband staan 
met de typische cleavageplooiing. Of hier inderdaad 
van een latere fase gesproken mag worden, vraagt men 
zich af, maar wordt dus gestaafd door de van de 
plooiingsbeweging afwijkende bewegingsrichting. Per- 
soonlijk zou ik het gehele beeld van de plooiings- 
en breukvervorming veel liever tot Een fase, weliswaar 
in stadia onder te verdelen, willen beschouwen. Be- 
halve bovengenoemde horizontale beweging is geen 
enkel onderdeel van het gehele beeld met een der- 
gelijke opvatting in strijd.. De bovengenoemde stadia 
ziin dan ook niet door rustpozen gescheiden, maar 
stellen opeenvolgende gebeurtenissen voor, -waarvan 
bet karakter bepaald wordt door de verandering van 
de fysische eigenschappen van het gesteentepakket 
tengevolge van de voorafgaande ploniing. 


d. S. 


La constitution geologique et la structure des 
Antilles, par JACQUES BUTTERLIN, vi + 452 pp., 
24 figures. Centre National de la Recherche 
Scientifique, Paris, 1956. Prijs Frs. 2.700.—. 


Oost- en- West-Indi& zijn geologisch en tektonisch 
vergelijkbare gebieden. Wijlen L. M. R. Rutten heeft 
daarop menigmaal gewezen, als kenner bij uitstek 
van zowel „de gordel van smaragd” als „het parel- 
sroer der Antillen”. Hij was de eerste, die een uit- 
voerig samenvattend werk schreef over de Oostin- 
dische Archipel, en ware hij niet vroegtijdig ge- 
storven, dan zou waarschijnlijk van zijn hand ook 
over het Westindische gebied een synthese zijn ver- 
schenen, als vervolg op o.m. zijn Bibliography of 
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West Indian geology (1938) en als aanvulling op 
C. Schuchert’s Historical geology of the Antillean- 
Caribbean Region” (1935). 

Jacques Butterlin, „Charge des Relations Scienti- 
fiques de P’Institut Frangais d’ Am£rique Latine 
(Mexico)” heeft thans het in de titel genoemde om- 
vangrijke oeuvre op zijn naam staan, en wij mogen 
hem dankbaar zijn voor de kolossale en zeer tijd- 
rovende arbeid, die het schrijven van dit boek onge- 
twijfeld heeft gevorderd. Het werk is samengesteld 
en verschenen ter gelegenheid van het 20ste Interna- 
tionale Geologisch Congres in Mexico, en voorzien 
van een voorbericht door de Franse geoloog L. Bar- 
rabe, 

In twee delen is de veelomvattende stof beschre- 
ven. Het eerste gedeelte behandelt eiland na eiland 
de geologie en tektoniek van de Grote en Kleine An- 
tillen, geillustreerd met geologische schetskaartjes. De 
schrijver — zelf door een tienjarig verblijf in Haiti 
vooral geörienteerd ten aanzien van de geologie van 
deze republiek — heeft zich daarbij laten voorlichten 
door specialisten, lokaal goed bekend met de geolo- 
gische problemen, zodat de tekst het resultaat is van 
een lofwaardige samenwerking. Daarbij heeft de 
schrijver zich zoveel mogelijk onthouden van een 
eigen visie en zoals hij opmerkt „a, volontairement, 
reduit au minimum son apport personnel, cherchant 
a presenter un tableau aussi objectif que possible”. 

Uiteraard passeren ook de Nederlands-Antilliaanse 
eilanden de revue: Aruba, Curacao, Bonaire (p. 179- 
194), St. Martin (p. 259 e.v.), Saba en St. Eustatius 
(p. 283-288). Het is jammer dat abusievelijk in de 
uitslaande ‚Table des principales formations des An- 
tilles’, aan het einde van het eerste gedeelte, Brim- 
stone Hill en Godwin Gut onder St. Eustache zijn 
geplaatst en White Wall onder St. Christophe, terwijl 
het in werkelijkheid omgekeerd is. 

Het tweede gedeelte van het boek is gewijd aan 
algemeen Antilliaanse problemen, vooral de tekto- 
nische. Na een uitstekend historisch-geologisch en 
tektonisch overzicht, worden de vele en verschillende 
theorieen over de geologische structuur der Antillen 
eerst objectief behandeld en daarna op hun me£rites 
onderzocht en tegen elkaar afgewogen. Het spreekt 
vanzelf dat daarbij onder meer de gedachten van 
Rutten en de op grond van de zwaartekrachtgegevens 
door F. A. Vening Meinesz en H. H. Hess opgestelde 
hypothesen in beschouwing zijn genomen. 

De hoofdstukken zijn voorzien van Engelse en 
Spaanse samenvattingen. Taal en typografie van de 
summaries geven echter niet de indruk door een com- 
petente Angelsakser te zijn nagekeken. Uitgebreide 
bibliografieen bevinden zich aan het einde van de 
hoofdstukken of secties. 

Butterlin’s werk over de Antillen is ons zeer wel- 
kom, vooral door de overzichtelijkheid die het geeft 
van de feiten en problemen van dit interessante ei- 
landengebied. Deze synthese zal niet nalaten nieuwe 
onderzoekers te bewegen zich te wijden aan de geolo- 
gische vraagstukken van de Antillen, en dat is ook 
de wens van de bescheiden schrijver, die zover gaat 
ziin boek „en partie une oeuyre collective” te noe- 
men. 


J: H. Westermann 


GEOLOGISCH EN MIJNBOUWKUNDIG NIEUWS 


EEN VERBETERDE ROCKBITT VOOR DE 
BEATRIX-SCHACHTEN — Bij de aanleg van de 
beide schachten voor Staatsmijn Beatrix wordt een 
Amerikaanse rollenboor gebruikt voor het boren van 
harde gesteentelagen. Met deze rockbitt werd een gat 
van 50 cm voorgeboord. De Afdeling Schachtbouw 
heeft in samenwerking met de Centrale Werkplaatsen- 
organisatie de Amerikaanse rockbitt zodanig verbeterd, 
dat thans gaten met een diameter van 86 centimeter 
kunnen worden voorgeboord. Deze verbetering werd 
bereikt door 40 centimeter boven de oorspronkelijke 
drie rollen een tweede stel van drie rollen aan te 
brengen. Dit stel verwijdt het voorgeboorde gat van 
50 centimeter gelijktijdig tot 86 centimeter. De ver- 
beterde rockbitt heeft proefgedraaid. Daarbij is ge- 
bleken, dat de boorwerkzaamheden in de middel-harde 
gesteentebanken van het dekterrein sneller verlopen. 


Staatsmijn Maurits een schraapbakkeninstallatie, die 
volgens Duits voorbeeld in Nederland was gebouwd. 
Beide ontkoolmachines zijn in 1947 zeven maanden 
lang in bedrijf gehouden. In die periode leverden zij 
het bewijs, dat mechanisatie van het koolfront in het 
Zuid-Limburgse mijngebied zeer goed mogelijk zou 
zijn. Thans wordt ruim 25 % van de totale kolen- 
produktie in de vier Staatsmijnen langs geheel mecha- 
nische weg gewonnen. Tezamen met de andere Lim- 
burgse mijnbedrijven, staan zij daarmee op het ge- 
bied van de mechanisatie van de koolwinning aan de 
spits in West-Europa. 

Zoals uit het bovenstaande blijkt hebben de Staats- 
mijnen tien jaar geleden in hun eerste mechanische 
pijlers machines van Duitse makelij of model inge- 
zet. De reden daartoe is geweest, dat deze machines 
zijn gebouwd voor ontkoling volgens de lange-front- 


TIEN JAAR GEMECHANISEERDE KOOLWIN- 
NING BIJ DE STAATSMIJNEN — Het is thans 
tien jaar geleden, dat bij de Staatsmijnen de eerste 
uitgebreide proeven begonnen met volledig gemechani- 
seerde koolwinningsinstallaties. Daartoe werden in een 
pijler van Staatsmijn Hendrik een uit Duitsland ge- 
importeerde schaafploeg ingezet en in een pijler van 


methode en dat zij een schavende werking hebben. 
Beide eigenschappen maakten de Duitse ontkoolinstal- 
laties voor de Nederlandse mijnen met hun lange 
pijlers en zachtere koolsoorten zeer geschikt. Ook de 
daartoe behorende ijzeren stijlen en kappen voor onder- 
"steuning van het dak bij een stijlenvrij koolfront zijn 
destijds uit Duitsland overgenomen. Al spoedig is 


echter gebleken, dat deze niet voldeden aan alle eisen, 
die de minder gunstige dakverhoudingen in de vet- 
kolenmijnen stellen. Het Staatsmijnbedrijf heeft 
daarom zelf in samenwerking met de firma Ducroo 
en Brauns de Titanstijl ontwikkeld. 

In de loop van de eerste tien jaar mechanische kool- 
winning zijn bij de Staatsmijnen voortdurend kleine 
wijzigingen aangebracht aan de toegepaste machines. 
De voornaamste aanvulling op het gebied van de 
mechanisatie is de multischaaf geweest. Deze machine 
is in 1953 voor het eerst gebruikt. Zij heeft het 
mogelijk gemaakt het aantal volledig gemechaniseerde 
pijlers verder uit te breiden. De multischaafinstallatie, 
die uit een smalle transporteur en een aantal kleine 
schaafjes bestaat kan volstaan met een smal stijlenvrij 
koolfront. Daardoor kunnen ook koollagen worden 
ontgonnen, waarvan de dakverhoudingen het bredere 
stijlenvrije front, zoals dat bij schraapbak, schaafploeg 
en snelschaaf vereist is, niet toelaten. 

Met de invoering van de mechanische koolwinning 
zijn twee belangrijke voordelen bereikt. Op de eerste 
plaats is de menselijke arbeid op een hoger plan 
gebracht. De ontkoolmachine neemt immers het zware 
ontkool- en schepwerk van de mens over. Het tweede 
belangrijke voordeel, dat de mechanisatie biedt, is de 
mogelijkheid om dunne en onzuivere koollagen, die 
vroeger niet afbouwwaardig waren, thans economisch 
te ontginnen. Daardoor is de ontginbare kolenvoor- 
raad groter geworden en de levensduur van de mijnen 
verlengd. 

De plaats, die de Staatsmijnen thans op het gebied 
van de mechanische koolwinning innemen, betekent 
niet, dat het eindpunt bereikt is. Er wordt zeer veel 
aandacht geschonken aan het ondersteuningsmateriaal, 
omdat vooral de dakbeheersing bij een stijlenvrij kool- 
front verdere verwezenlijking van de mechanische kool- 


22 


winning nog beperkt. De resultaten, die in de afge- 
lopen tien jaar zijn bereikt, wettigen echter het ver- 
trouwen dat ook dit probleem zal worden opgelost. 


UITBREIDING VAN DE HOGE-DRUKCEN- 
TRALE OP STAATSMIJN EMMA MAAKT GOEDE 
VORDERINGEN — Het betonnen gebouw, behorend 
tot de uitbreiding van de hoge-drukcentrale op Staats- 
mijn Emma, is vrijwel gereed. In het nieuwe ketel- 
huis is men begonnen met het monteren van de 
twee hoge-drukstoomketels. Deze ketels kunnen ieder 
125 ton stoom per uur leveren met een druk van 112 
atmosfeer en een temperatuur van 535 graden. Als 
brandstoffen zullen zij poederkool-mixte gebruiken. 
Deze poederkool zal, wanneer zij uit de molens komt, 
direct in de vuurhaarden worden geblazen. Het is 
voor het eerst, dat de Staatsmijnen Ketels, die volledig 
met dit directe stooksysteem zijn uitgerust, hebben 
aangeschaft. 

De hoge-drukstoom zal dienen voor de aandrijving 
van een nieuwe turbogenerator met een vermogen van 
64.000 kW. Het elektrisch vermogen zal daarmee 
op 130.000 kW worden gebracht. De nieuwe turbo- 
generator zal met waterstof worden gekoeld. Tot de 
uitbreiding zullen verder nog behoren &&n 110 meter 
hoge betonnen schoorsteen voor beide ketels en twee 
betonnen koeltorens, ieder voorzien van een pro- 
pellor. 

De Emma-centrale zal, na voltooiing van de uit- 
breiding, het leeuwendeel van de stroomopwekking 
bij de Staatsmijnen voor haar rekening nemen. Dit 
gebeurt, omdat zij, dank zij haar moderne inrichting, 
een aanzienlijke kolenbesparing oplevert, waardoor zij 
goedkoper stroom kan leveren. Van het vermogen 
van de centrale op Staatsmijn Maurits, dat 154.000 kW 
bedraagt, zal dan een deel in reserve komen te staan. 


PRODUKTIECIJFERS VAN NEDERLANDSE DELFSTOFFEN 


maandgem. januari februari maart 
1956 1957 1957 1957 
NEDERLANDSE STEENKOLENMIJNEN 
Maandproduktie kolen, in tonnen 1.061.305 1.078.683 972.514 933.875 
Gem. produktie per gewerkte dag, in tonnen 39,879 41.488 40.521 072355 
Gem. produktie per 8-urige werkdag, in tonnen 41.386 43.495 42.654 39239 
Totaal aantal verrichte diensten o.g. (p.mnd) 659.467 698.543 638.242 642.209 
Netto produktie industriebriketten, in tonnen. 6.193 5.790 5.427 4.937 
Netto produktie eierbriketten, in tonnen 80.550 92.953 89.264 91.088 
Produktie cokes, in tonnen 250.355 258.560 236.626 260.582 
Produktie kunstmest, in tonnen stikstof 12.873 15.517 14.457 15.118 
Produktie electriciteit, in kWh 120.660.340 | 127.400.688 | 119.670.494 | 117.804.399 
Cokesovengas 94.656 110.295 100.457 111.899 
oO 
Generatorgas 2337. 5199 5.214 3.123 
NEDERLANDSE AARDOLIEMAATSCHAPPIJ 
Produktie van aardolie, in tonnen 90.000 114.700 99.700 113.742 
KON. NEDERLANDSCHE ZOUTINDUSTRIE 
Produktie van zout, in tonnen 52.243 51.260 30.708 37.285 
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MINING ENGINEERS, GEOLOGISTS AND METALLURGISTS 


interested in making contact with established Canadian mining companies 
with a view to employment are invited to write to 


CANADIAN METAL MINING ASSOCATION 
Room 335, 12 Richmond St. East, Toronto 1, Canada 


The Association will be pleased to furnish information concerning mining companies in Canada to 
which enquiries about employment o>portunities can be directed. 

Enquiries would be welcomed also from trained and wellqualified mechanics, machinists, electricians 
and tradesmen. 
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luchtboormachine 
met automatische 
aandrijving voor 
verticale 
opwaartse 
boorgaten 


Vertegenwoordigers: 


N.V. INGENIEURSBUREAU v/h J. M. C. VAN BORSELEN & CO. 
PARKSTRAAT 01 - DEN HAAG - TELEFOON 112101 


COMPLETE TRANSPORT- 
INSTALLATIES 


GASHOUDERS 
TANKS 


MIJNAPPARATUUR 


BRAAT - ROTTERDAM 


DOKLAAN 22 TELEFOON 0.1800 - 72720 


Ferndori- 
Stahlrohre 


für Pressluft - Gas - Was- 


LU FTER 


lösen alle Wetterprobleme Pa 


wendungszwecke, von 200 
mm an aufwärts bis zu den 
grössten Abmessungen |lie- 
fert in anerkannt erstklas- 


sigster Ausführung: 


EISEN- UND METALLWERKE FERNDORF 


Gebr. Bender 


HOHE WIRKUNGSGRADE Ferndorf (Kreis Siegen) - Westfalen 


hijsinrichtingen 
kettingwerk 


GROSSER REGELBEREICH constructiewerk 


STEILE KENNLINIEN 


Lieferbar für Wettermengen 
bis zu 8000 m ?/min 
und Drücke bis 350 kg/m? 


| Zuidsingel 66, Leiden, Telet. 26341 


MASCHINENFABRIK KORFMANN GMBH 
WITTEN-RUHR 


GEOLOGIE EN MUNBOUW 


MAANDBLAD VAN HET KONINKLIJK NEDERLANDSCH 
GEOLOGISCH-MIINBOUWKUNDIG GENOOTSCHAP 


a di FR 
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Verspreid over de gehele wereld 
Über die ganze Welt verbreitet 


Readers all over the world 


Distribution dans le monde entier 


Europe United States of Central-America Canada 

America 
Austria Costa Rica Mexico 
Belgium California Nicaragua 
Czecho-Slovakia Colorado Australia 
Denmark Honolulu Africa 

; Indiana 
Finland Algeria New Zealand 
France Kansas I 
Germany New York zn 
Belei Asia 
Great Britain Oklahoma r ER EEE 
4 Ethiopia 
Hungary Pennsylvania | Burma 
Ireland Texas De China 
M 

Italy Wisconsin ge India 
Lithuania Ya Indonesia 
Netherlands South-America Port. East Africa 

ee ee vn \ Iran 
Norway N i Rhodesia a 
Poland del Somaliland ae 
Portugal Baiya Tanganyika we 
Rumania Brazil Transvaal auı 
Russia Chile Malacca 
Spain Columbia West-Indies Manila 
Sweden Peru New Guinea 
Switzerland Trinidad Antilles Pakistan 
Turkey Venezuela Cuba Syria 


Administratieadres; 


„Geologie en Mijnbouw” Hofwijckstraat 9, Den Haag, telefoon K 1700-111875 


Complete blaasinstallaties® 
voor blazend vullen 
Blaasmachines 

35-80-120 m?/h 
Blaasbuizen met 

snelkoppelingen 
Hulpstukken voor blaasleidingen 
Blaasluchtregelaars 


Snelkoppelbuizen voor perslucht 

en water, met DIN-, 

bajonet- of onder druk beweegbare 
(LGB) koppelingen 
Rijventielen 
Zebra-valleidingen NW 250 
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= olifant ondergronds? 


Ja, dit is de nieuwe Glück-Auf hydraulisch- 
pneumatische omdrukcylinder Olifant 


Type HPVR 15 


dient voor omschuiven (drukkracht 
15-20 ton) en trekken (7-9 ton) 
van zware aggregraten zoals aan- 
drijfstation enz. 


"MASCHINENFABRIK GLUCKAUF - GUNTHER KLERNER - GELSENKIRCHEN 


HEERLEN - CAUMERBEEKLAAN 40 
Vert: INGENIEURSBUREAU „LIMAHA” TELEFOON K 4440 - 6392 


Postbus 78 
SCHIEDAM 
BERGEN OP ZOOM" 


N,.V. MACHINEFABRIEK EN IJZERGIETERIJ 


„HOLLAND 


W. A. HOEK’s 
MACHINE- EN ZUURSTOFFABRIEK 
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GEWEVEN GAAS 
VAN DE GROFSTE TOT DE FIINSTE MAAS- 
WIJDTES UIT ALLE VERWEEFBARE METALEN 
N.V. METAALDRAADWEVERI 


Naamloze 
Vennootschap 


Mens nauuunnn 


BE 


ALLIS-CHALMERS 
MISNBOUWMACHINES 


LOW-HEAD 
RIPL.FLO TRILZEVEN 


| enkel, dubbel en drie-deks 


x“ 


SLIKPOMPEN 


voor vloeistoffen met vaste bestand- 
delen 

Gemakkelijk in onderhoud en 
contröle 


* 
HYDROCONE BREKERS 


voor elke toepassing 
Betrouwbaar 

Lange levensduur 

Capaciteit van 7 tot 1000 ton 
materiaal per uur 


Afmetingen van het product van 1/8" 
E04. 2.5” 


x 
TEXROPE AANDRIJVINGEN 


met V-riemen 
SNAARSCHIJVEN 


met Magic-grip-naven 


de = DEN 
= SLINDETEVES nv. 
A :fehıe iE 
J. W. BROUWERSPLEIN 20 - AMSTERDAM-Z - POSTBUS 5014 
TELEFOON 793222 


DRUKKER & Zn.N.V. 


Ringdiik 2 + AMSTERDAM + Phone 50369 -— 53068 
DIAMONDS 


ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D. 
AAN: „GEOLOGIE EN MIJNBOUW” HOFWIJCKSTR. 9, DEN HAAG, TEL. 111875 


